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PHYSIOLOGY 


PARTICIPATION OF ACETYLCHOLINE IN THE PROCESS OF 
ACCOMMODATION AND PARABIOSIS OF THE NERVE TRUNK 


L.N. Zefirov and O.S,. Kochnev 
Department of Normal Physiology (Director — Dr. I.N. Volkova), Kazan Medical Institute 


(Received April 23, 1957. Presented by Active Member Acad, Med. Sci. USSR V.N, Chernigovskil) 


Our previous communications [7-10] showed that under natural conditions acetylcholine appeared to act 
not as a stimulating factor but rather as a factor which predominantly determined the reaction of tissue to stim- 
ulation, Such tissue reaction is known to be dependent to a considerable degree on the process of accommoda- 
tion. This led us to investigate the part played by acetylcholine in the accommodation process of the nerve 
trunk. Taking into account the close connection between accommodation phenomena and parabiosis (3, 4, 14, 17}, 
a simultaneous attempt was made to elucidate the significance of acetylcholine in the development of the para- 
biotic process, 


Literature data on participation of acetylcholine in the development of nerve parabiosis are contradictory. 
A.A. Zubkov [11] and O.V. Zeidlits (6) postulated that the direct cause of development of parabicsis in nerve 
was the depolarizing action of acetylcholine; they based this view on data concerning inhibition of nerve cho- 
linesterase activity by narcotics and data on accumulation of acetylcholine in the narcotized area during stim- 
ulation, 


Conflicting findings are reported by D.A. Lapitskii [13] and L.L. Vasil'ev [3] who established that acetyl- 
choline acted on the altered nerve in a “deparablotizing" fashion, Recentlyone of us [7] has shown that increase 
in the lability of the altered area of nerve under the influence of incoming impulses is connected with the form- 
ation and action of acetylcholine, 


EXPERIMENTAL METHOD 


Experiments were performed on the usual frog nerve-muscle preparation (Rana ridibunda), The prepara- 
tion was put in a moist chamber and the nerve was placed on silver electrodes which had been exposed to chlo- 
ride before the experiment; the interelectrode distance was 4 mm, 


Accommodation was measured by apparatus constructed on the basis of a condenser chronaxiemeter [15, 
18] by selection of condensers of appropriate capacity with current strength of 1, 2, 3, etc. rheobase, 5-6 points 
were usually determined ard an accommodation curve was plotted. A was calculated for current strength of two 
theobase according to the formula A = RC [14], where R is the summated resistance of the circuit equal in our 
installation to 200,009 ohms, 


Development of parabiosis in an area of the sciatic nerve was elicited by a DC cathode of definite inten- 
sity; complete loss of conduction occurred after 15-20 minutes from the beginning of this treatment. The rate 
of deve lopment of parabiosis (in terms of onset of the inhibitory phase) was noted, as wel! as the presence and 
prominence of the different phases, their duration and interrelations. The nerve was stimulated by tetanizing 
induction current. 


Investigations were carried out on normai frogs and on frogs which had been subjected to preliminary re- 
moval of the pancreas under sterile conditions, This operation led to impairment of acetylcholine formation ia 
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the organism (after varying periods of time) (12), apparently as the result of disturbances of phospholipid meta- 
bolisin [16]. In the case of control experiments the operated animals received 0,2-0.3 ml acetylcholine solution 
(1:10,000) systematically into the posterior lymph sac. In part of the experiments accommodation was tested 
after administration of acetylcholine (1 m1 of 1:10,000 solution) or of eserine (1 ml of 1:10,000 solution) to nor- 
mal animals; it was also tested when solutions of these substances were allowed to act directly on the nerve trunk. 


A total of 270 experiments was carried out. 


EXPERIMENTAL RESULTS 


Experiments on normal frogs showed fairly considerable fluctuations in the rate of accommodation. The 
accommodation constant (the reciprocal of the velocity of the accommodation process) had the average value 
of 25 milliseconds. The rateof accommodation was lower in winter frogs than in autumn frogs (the accommoda- 


Abscissa — rise of stimulating current (RC) in milliseconds; 
ordinate — threshold strength of stimulus in multiples of rheo- 


base. 


: tion constant increasing to an average of 40 milliseconds), The accommodation curve was usually a straight line : 
4 (Figure 1, Curve 1). 
- Pre liminary (1-2 hours priog to experiment) administration of acetylcholine to the frogs (1 ml 1:10,000 so- 
¥ lution) caused a definite decrease in the rate of accommodation, The accommodation constant A extended to 
g 100 milliseconds on the average, f.e., showed a 3-4-fold increase as compared with the normal, The accommo- 
4 dation curves maintained their straight line character (Figure 1, Curve 2). Analogous results were also obtained 
g in those cases in which acetylcholine was administered 24 hours prior to the experiment. 
| 
* Fig. 1. Accommodation curves for the sciatic nerve (average : 
A data) in normal frogs (1), after administration of acetylcho- y 
4 line (2) and on the 8th day after removal of the pancreas (3). } 


Immersion of an area of the sciatic nerve for 15-20 minutes in a 1:50,000-1:100,000 solution of acetyl- 
choline led only to a slight decrease in the rate of accommodation. 


Five of the six experiments in which a preliminary administration of eserine was tried showed a definite 
increase in the rate of accommodation, i.e., an effect opposite to that of acetylcholine. The different influence 
of acetylcholine and of eserine on the process of accommodation can be explained by the fact that eserine has not 
only the property of inhibiting cholinesterase with ensuing accumulation of acetylcholine but also, apparently, 
another property opposed to the action of acetylcholine. 

Following removal of the pancreas the excitability of the nerve to DC stimulation underwent a slight and 


nonuniform change. Thus, on the 7th postoperative day some lowering of excitability was noted. The threshold 
stowed an average rise to 2.2 volts (1.9 volts for normal frogs). Lowering of the threshold could then be observed 


and by the 10th postoperative day its average value was 1,5 volts. 


Figure 2 reflects the dynamics of the changes in the rate of accommodation following removal of the pan- 
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creas; it shows that, together with certain fluctuations of the rate of accommodation, there Is a perfectly defi- 

nite and consistent increase in the rate of accommodation on the 6-10th day postoperatively. The changes de- 
scribed were also clearly expressed in the course of the accommodation curve, the most pronounced differences 

in the rate of accommodation and the course of tie curve being observed with a strong stimulating current (5-6 
rheobase), i.e., slowly rising currents of low gradient. Figure 1 shows the accommodation curve (3) plotted from 
average data obtained on the 8th day after removal! uf the pancreas. It shows that the curve preserves its gen- 

eral straight line character, with a considerably steeper slope than the curve for normal frogs. Systematic ad- 
ministration of small doses of acetylcholine to the operated animals starting from the 3rd-4th day after opera- 
tion abolished the described deviations and the accommodation values were normal at all periods postoperative ly.® 


Days postoperatively 


Fig. 2. Change in the accommodation constant of the sciatic nerve 
in frog following zemoval of the pancreas. Abscissa — days postop- 
eratively; ordinate — accommodation constant (A) in milliseconds, 
Broken line: average value for accommodation constant in normal 


frogs. 


The experimental results described above indicate that acetylcholine given in definite doses elicits quits 
consistent diminution of accommodation in the nerve trunk, These data were fully confirmed by experiments 
on removal of the pancreas. Impaired acetylcholine synthesis which occurs under these conditions leads to an 
opposite change in the accommodation ability of the tissue, viz. its increase. 


Since acetylcholine is constantly being formed in the nervous system during its activity, it may be sup- 
posed that changes in accommodation occurring under natural conditions in the process of tissue activity are de- 
termined to a considerable extent by this chemical agent. 


In studying the development of nerve parabiosis, elicited by the action of direct current, it became appa- 
rent that following removal of the pancreas in frogs there was considerable reduction in the resistance of the 
nerve to the change -inducing influence, i.e., the development of the parabiotic process was accelerated with an 
almost twofold diminution in the strength of effective current necessary to maintain a state of minimal polariza- 
tion. Figure 3 shows that the change in the rate of development of parabiosis was not uniform on different days 
postoperatively. Definite acceleration of the development of parabiosis was observed only from the 6th postop- 
erative day and reached a maximum on the 7th-9th day, after which the rate declined and returned to normal 
along a somewhat fluctuating course, 


Removai of the pancreas evoked change in the typical parabiotic phases also. A sharp curtailment and 
sometimes absence of the paradoxical phase was observed in addition to the disappearance of tonus-like effects 
described earlier [7]. The typical paradoxical effects were in this case replaced by a number of contractions 


*It must be noted that such “compensatory” administration of excessively large doses of acetylcholine (i ml 
1:10,000 solution daily) leads not to a return to norma! but to even greater increase in the rate of accommodation. 
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which decreased progressively and independently of variation in stimulation, The disappearance of such effects 
and transition to the inhibitory phase occurred rapidly and suddenty. The compensating phase underwent much 
less marked change. It could, on occasions, be noted from the first few stimulus applications, even without prior 


alteration. 


considerable extent and normalized the functionai state of the nerve (Figure 3, Curve 3). 


deve lopment of parablosis in the nerve trunk [6, 11) and indicate that acetylcholine raises the resistance of the 
nerve to the alteration by stimulating the restorative processes {n the Ussue, 


Systematic adininistration of acetylchcline to operated animals smoothed out the described changes to a 


The obtained results conflict with the concept of acetylcholine as a factor which directly determines the 
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Fig. 3. Rate of development of parabiosis in the sciatic nerve 
of normal frogs (1), after removal of the pancreas (2) and on 

compensatory administration of acetylcholine to the operated 
animals (3), Abscissa — days postoperatively; ordinate — time 
vf onset of inhibitory phase ta inutes. 


Comparison of results obtained on investigation of accommodation and the rate of development of parabi- 
osis after removal of the pancreas reveals that depression of the functional state of the nerve corresponds to a 
high rate of the accommodation process. A similar relationship directly confirming the interrelation of accom- 
modation and deve lopment of stationary excitation, was described by E.K. Zhukov [5] in the case of preliminary 
application of a DC cathode to the nerve and by LA. Arshavskii and co-workers [1] in the course of studying ac- 
commodation in the process of ontogenesis, 

In contrast to this, L.L. Vasil’ev (2) and L.V. Latmanizova (14) found that a high rete of accommodation 
was observed when the functional state of the tissue was at a high level and when it showed high resistance to 
change -inducing activity, and vice versa, 


At the present time this contradictory and dual character of accommodation finds explanation in the dy- 
namics of the parablotic process (3,4, 14]. It has been established that increase in the rate of accommodation 
occurs both during the initial, first stage of parabiosis and during the final stage of this process, whereas the trans- 
itional phase of parabiosis is characterized by a reducticn ia the rate of accommodation. 


The experimental and literature data cited permit the suggestion that accommodation fs a manifestation 
of the development of local excitation in the tissue elicited by the test stimulus and following the laws of para- 
biosis. The change in excitability associated with this finds expression in the form of the accommodation process. 


SUMMARY 


Disturbance of production of acetylcholine in the organism following removal of the pancreas brings about 
increased speed of accommodation and of development of parabiosis in the sciatic nerve in frog. 


Administration of small doses of acetylcholine to operated and normal frogs results in decreased speed 
of accommodation and of deve lopment of parabiosis. 


g 
7 
--- 
45 
2 
40 
4 
; 
4 
396 


The correlated changes of accommodation and parabiosis demonstrate that these processes are related and 
er allow us to consider the process of accommodation as a manifestation of the deve lopment of local excitation due 
to the effect of stimulation, 
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| THE NERVOUS REGULATION OF CARDIAC RHYTHM IN FISH 
COMMUNICATION II 
" THE VAGUS NERVE IN FISH ~ AN EFFERENT PATH OF DOUBLE REFLEX 
aay INFLUENCES ON THE CARDIAC RHYTHM 
B.S. Kulaev 
a Department of Animal Physiology (Director ~ Corresponding Member AN SSSR K.S. Koshtofants) re 
4 The M.V. Lomonosov Moscow State University : 
oo (Received August 16, 1957, Presented by Active Member Acad, Med, Sci. USSR V.N. Chernigovskil) 7 
4 The reflex regulation of the heart in fish has been studied by many authors [2,3, 11,13, 15-19, 21). It has ars 
| a been established that stimulation of various intero- and exteroceptors, or of afferent nerves, causes cardiac arrest = 
; 9 or slowing of uic rate of cardiac contractions. At the same time, certain authors (2, 15, 16, 21] observed retlex sie 


acceleration of the heart rate. Neither inhibition nor stimulation of the heart rate is observed after section of 
ae. the cardiac branches of the vagus (2, 15, 17) whereas destruction of the first sympathetic ganglicn, the forebrain 
| e an¢ the spinal cord does not abolish these reflex effects [16} The most pronounced tachycardia and bradycardia 
on are noted on stimulation of the swim-bladder and the gills, f.e., organs which send sensory fibers to the medulla 
= within the branches of the vagus, 


4 Reflex tachycardia described in the works mentioned is usually considered to be the result of lowering of 
“4 the inhibitory tonus of the vagi. Thus, F.D, Vasilenko and K.S. Koshtoiants [2] explain the tachycardia observed 
on reduction of pressure within the swim-bladder as a passive consequence of exclusion of afferent influences 
which maintain reflexly the tonus of the vagal centers. This interpretation is contradictory to observations of 
other authors who have shown that increased heart rate may result on raising the pressure within the swim -bladder 
4 {21}, i.e., that it may arise as the result of the appearance rather than disappearance of afferent impulses. Lutz 
{16} found in his experiments that acceleratior of the rate of flow of fluid through the gills was accompanied by 
increase in the heart rate and reduction in the rate of flow by slowing of the heart. 


On the basis of the possibility discovered by us [4] of actively accelerating the heart rate in fish by stimu- 
7 lating the peripheral portions of the cardiac branches of the vagi it was decided to trace the way in which this 
3 mechanism was utilized in reflex regulation of the heart rate, 


The experimental! method used in these experiments has been described in the previous communication [4]. 
Certain additional procedures will be cited in the course of presentation of experimental material 


EXPERIMENTAL RESULTS 


Both inhibition and stimulation of the heart rate were observed on stimulation of the cenwal portions of 
individual gill branches of the vagus. The two effects were not specific for the different gill nerves. Stimula- 
a ton of each of the gill nerves could lead to acceleration or slowing of the heazt rate and to complete cardiac 
4 arrest for varying periods of time. The nature of the effect depended in each individual case on the strength ot 
“ of stimulation of the given nerve. Relatively weak stimulation caused acceleration of the heart rate (Figure la, Gr 
- 2c). Increasing the strength of stimulation led to inhibition of cardiac activity (Figure 1,b,c;2,b); this inhibi- - oo 
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tion became even more marked when the stimulation of the same afferent nerves was increased in strength (Fig. 
1d, 2a). Such consistent results could be obtained on stimulation of the central portion of any of the four gill 
branches beth on the right and on the left sides, 


The results cited do not exclude the hypothesis that weak stimulation of the gill nerves brings into play 
some special accelerator fibers whose influence is overshadowed on stronger stimulation by the activity of speci- 
fic inhibitory nerve elements, If this were so it should have been expected that simultaneous stimulation of two 
afferent nerves, separaie stimulation of each of which elicited acceleration of the heart rate, would lead io all 
cases to even greater acceleration of the heart, whereas simultancous stimulation of gill branches, whose separate 
stimulation elicited acceleration in the case of one and slowing of the heart rate in the case of the other, would 
lead to some degree of levelling off of the effects of their separate stimulation, 


Fig. 1. Reflex changes in the rhythm of cardiac contractions 
in pike on electric stimulation of the central end of the 3rd 
gill branch of the vagus. Records from above down: mech- 
anical record of cardiac activity, stimulus marker; figures 
denote distance between the induction coils, 


In order to test these hypotheses simultaneous stimulation was applied to the central ends of two different 
gill nerves whose separate stimulation could, as shown above, produce the most varied effects. 


Fig. 2. Reflex changes in the rhythm of cardiac contractions in perch on electric stim- 
ulation of the central end of the Sth gill branch of the vagus. Records as in Figure 1, 


Two afferent nerves were placed on stimulating electrodes, separate for each gill branch. Each pair of 
electrodes was connected with separate induction apparatus, The two stimulating circuits shared the circait 
breaker anc the charging source which ensured that, with equal distances between the primary and secondary 
coils, the current strength and frequency of breaks were the same. When reproducible results of separate stimula- 
tion of the gill nerves with a selected strength of current ‘vere established two branches were stimulated simul- 
taneously. The results of some of these experiments are summarized in the table on the following page. 


The results of the first two examples given in the table can only be comprehended if it is assumed that 
during separate stimulation of each branch with subthreshold (but approaching threshold) current strength a cer- 
tain number of afferent fibers entering the branch is excited. However, this number of reflex arc elements in- 
volved in activity proves to be inadequate to effect reflex changes in the work of the heart. Increase in the num- 
ber of active afferent fibers by means of similar “subthreshold® stimulation of another branch leads to definite 
reflex acceleration of the heart rate, i.e., produces the same effect as that observed in response to weak but su- 
prathreshold stimulation of each of these nerves separately (Figure la; 2c) when the number of excited fibers in 
the one nerve trunk is already sufficient to produce this effect. When stimulation of one of the nerve branches 
leading to acceleration of the heart rate was joined by “subthreshold” stimulation of another, the resultant effect 


399 


| 
. 
a b c d 
: 
a b c 
f 
4 
: 
4 
4 


of such simultaneous stimulation was expressed not in reinforcement of the positive influence, ut in its conver- 
sion to the functionally opposite effect — inhibition, The same result was obtained on simultaneous stimulation 
of two branches which, simulated separately with a certain current strength, elicited acceleration of the heart 
rate (examples 4 and 5). The results of the next three examples cannot be understood in terms of the presence 
of specific accelerator or inhibitor nerve fibers in the gill nerves. It appears that an increase in the number of 
nervous elements involved in activity leads to reflex inhibition of the heart, although formerly, stimulation of 
these elements caused tachycardia. This hypothesis is also vividly brought out by results of Examples 6-9 which 
show that simultaneous stimulation of two afferent nerves, which gave opposite effects when stimulated separately, 
leads not to the mutual attenuation of these opposite effects but to enhancement of one of therm, viz, inhibition; 

a qualitatively similar result is obtained on combination in time of two stimuli each of which bad caused weak 
inhibidon of the heart rate (Example 10), Comparison and analysis of ten examples of combined stimulation of 
various gill nerve branches thus permits only one interpretation of the results of this series of experiments; the 
nature of the reflex reaction of the heart depends on the number of qualitatively similar afferent conductors in- 
volved in activity by means of one or another stimulus, Excitation of a definite number of such fibers determines 

the reflex acceleration of the heart rate; when this number is increased, cardiac inhibition develops and becomes 
progressively more profound as more and more afferent fibers are involved in activity. 


Heart beats per minute 


with separate stimulation simultaneous 
No. in without of 
order stimulation} one branch | another branch] two branches 


29 | 34 (IN+41V) 
17 17 (111) 17 (IV) 29 (I11-+1V) 
17 17 14 (14111) 
19 22 (11) 24 (11) 17 (11-4111) 
19 22 (11) 22 (111) 14 (114111) 
19 (11) 29(1V) 15 (11+1V) 
24 20 1) 28 (1V) 8 (11 +1V) 
24 17 (111) 27 (IV) 7 (111+41V) 
24 19(1V) 31 (11) 2(1V+ 11) 
26 24 (IV) 21 (111) 5(1V-+111) 


wn- 
to 


Note; The numbers in brackets refer to the gill nerves, 


The results cited (Figures 1 and 2) do not resolve the question as to the particular part of the reflex arc in 
which those concrete conditions are laid down and which determine the character of the cardiac reaction to a 
given influence, This may occur at the vagal center or in the heart itself. In the first case the effects noted 
could be regarded as the result of change in the central tonus of the vagi, or it may be assumed that drawing in 
of different numbers of uniform afferent fibers into activity is associated with involvement of different afferent 
nerve elements, which exert a specific action on the heart leading only to well-defined changes in its activity. 


In order to elucidate these questions a special series of experiments was performed in which the central 
end of one of the gill nerves was stimulated repeatedly by current of the same suength, causing definite cardiac 
inhibition (Figure 3a). In the intervals between stimuli the previously prepared cardiac branches of the vagi were 
transected successively; these branches carried the centrifugal pathways of the reflex under consideration. Fol- 
lowing transection of one of the four cardiac branches the inhibitory effect of the stimulation of the second gill 
branch with the former current suength was found to be diminished (Figure 3b). After wansection of another car- 
diac branch the same stimulation caused very feeble slowing of the heart rate (Figure 3c). Transection of yet 
another (third) efferent branch was associated with acceleration and not slowing of the heart rate when the same 
stimulus was applied (Figure 3d). Tachycardia could not be elicited after uansection of the last cardiac branch. 
When the order of transection of the cardiac nerves was altered no change occurred in the successive phenomena 
demonstrated in Figure 3. This refutes the hypothesis that accelerator fibers were concentated in some one 
branch in tie presence of which reflex stimulation led to tachycardia. At the same time ese experiments leave 
no doubt that vagal tachycardia cannot be the result of interference with the tonus of the vagi but results from 
reflex excitation of an artificially limited number of vaga! efferent fibers, 
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The material presented permits representation of the reflex regulation of the heart in fish as follows: stim- 
uli differing in intensity involve a definite number of afferent fibers in activity and lead to reflex excitation of 
a greater or lesser number of efferent elements of the medulla and consequently of a corresponding number of 
cenuifugal nerves whose active impulse action on the heart determines the final effect exerted on it by the re- 
flex. The centrifugal pathway of functionally opposite reflex influences on the heart is constituted by homo- 
geneous elements of the vagi. These elements are not in their constitutional properties either enhancing or in- 
hibitory. When they are drawn into activity in definite, relatively small numbers they elicit tachycardia, while 
excitation of a larger number of the same eens fibers elicits various degrees of cardiac inhibidon, Therefore, 
without confirming the hypothesis of qualitative specifi- 
avi, G mI errr » city of the inhibitory action of the vagus on the heart, 
ied whos logical development is the theory proposed by 
Skramlik [20] suggesting a unilaterally inhibitory influ- 
ence of the nervous system on the heart in fish, we inter- 
pret the results obt: “ned in accordance with concepts de- 
veloped by M.G. Udel'nov[6), who showed that the struc- 
tural-functional basis of cardiac regulation is the charac- 
teristically parasympathetic intramural synaptic apparatus 
concerned with dispersion and multiplication of impulses, 
leading not only to tachycardia, but also to bradycardia. © 
It is characteristic that the heart in fish is that organ in 
which the vagal fibers first acquire synaptic discontinuity, 
i.e., features of a parasympathetic nerve. 


The fact that stimulation of the reflexogenic zone 
of the gills can exert a dual effect on the heart becomes 
particularly significant in connection with the hypothesis 
first enunciated by Koch [14] and recently elaborated in 
detail by Chernigovskii [7, 8] which is concerned with the 
origin of the carotid sinus, aortal and pulmonary reflexo- 
genic zones of pulmonates in the gill reflexogenic zone 
of the lower vertebrates. This hypothesis has found sound 
basis * 1 the investigation of Boyd [9}, and Bystrov [1}, 

V.N. Chernigovskii visualizes the high sensitivity of 


Fig. 3. Reflex changes in the rhythm of cardiac the carotid sinus, aortal and pulmonary reflexogenic 

contractions in pike on electric stimulation, zones as the result of all these afferent areas arising from 

identical with respect to strength, of the central the blood vessels of the gill region, f.e., from vessels 
end of the 2nd gill branch of the vagus with all which in fish are constantly in direct contact with the { 
cardiac branches of this nerve intact (a), after external environment. This suggestion is confirmed by 

transection of one of these branches (b), after the data of a number of authors which show that the 

transection of 2 cardiac branches (c), after tran- strongest cardiac reflexes arise on stimulation of the gill 

section of 3 cardiac branches of the vagus (d). reflexogenic zone {21}. The functional characteristics 

Records che same as in Figure 1. of this zone as a source of bilateral regulatory influences 


on the heart supplement this analogy and permit the in- 

clusion of the buffer properties of the strongest reflexo- 
genic zones of the higher vertebrates — carotid sinus, aortal and pulmonary zones — among the buffer-compensa- 
tory reflex influences on cardiac activity; this can be deduced from such properties shown by their homolog, the 
gill reflexogenic zone, which exerts a bilateral and therefore buffer-compensatory effect on the heart. Taking 

into account that the heart is the main organ maintaining the necessary circulatory level in fish and that the 

vagus in these animals is the only centrifugal pathway for all cardiac reflexes, the origin of vagal function ia 
higher vertebrates as the main regulator of general blood pressure can be readily understood [5, 6}. 


SUMMARY 


It was established that electric stimulation of the central endings of different gill nerves in fish cause a re- 
flex change of heart rate. Weak stimulation results in increased frequency of the heart rate. Stronger stimula- 
tioa causes decreased frequency or complete amest of the heart, Simultaneous stimulation of two gill nerves by 
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the current which caused tachycardia when each nerve was stimulated separately,caused cardiac inhibition. Si- om 
4 multaneous stimulation of two gill nerves, the separate stimulation of one of which resulted in decrease of the oe 
3 Aa heart rate and of the other in increase, caused even more pronounced inhibition of the heart. If the strength of : 
a stimulation of one of the gill nerves Is kept constant the effect of the reflex action changes depercing on the 
4 number of the intact efferent nerves of the heart. If all the nerves are intact the frequency of the heartbeat is 
Pe decreased, while if a number of them are cut tachycardia results. This provides evidence against the qualita- 
4 tive specificity of the individual afferent or efferent elements in the reflex arc under investigation. It points to a 
4 the dependence of the quality of the reflex effect on the number of the nerve elements involved in this reaction, a 
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Modern literature devoted to the question of reception of ternperature stimuli tends to the view that the 
skin possesses punctate temperature sensitivity. 


The punctate theory of cutaneous reception was created by Blix [10], Goldscheider [13] and Frey [12]. Ac- 
cording to this theory the human skin has sites which, when stimulated by punctate temperature stimull, give 
rise to corresponding sensations of cold or heat. The authors mentioned postulated a suggestion, based on ex- 
perimental data, that the cold and warm spots represented discrete sensory apparatus of two sorts of centripetal 
nerve endings. 


In addition to the theory of discrete specific temperature sensitivity there is also the view, held by a num- 
ber of authors [3, 9, 11, 14], that there is a single receptor apparatus in the skin which receives all types and de- 
grees of temperature stimuli. 


However, the existence of a discrete temperature reception is supported by the fact that conditioned ré- 
flexes to heat and cold stimuli are formed from different areas of the skin [4-8} 


The question as to which cutaneous morphologic elements correspond to one or another specific sensory 
spot has not, up to the present, been decided, It is thought, however, that the receptor elements for cold stimuli 
are the end-bulbs of Krause and those for subserving the sensation of warmth are the Ruffini corpuscles, The cold 
spots lie nearer the surface of the skin than the warm spots, 


According to the data of Sammer various sites measuring 1 cm? carry from 6 to 23 cold spots (average 12- 
13) and up to 3 warm spots, The unequal density of distribution of the receptors underlies the differences in sen- 
sitivity of various parts of the body to fluctuations of temperature, 


The present communication Is limited to the characteristics of the cold spots only. 


In investigating the cutaneous cold spots by means of a thermoesthesiometer with a thermoprobe of 1 mm*® 
area at a temperature of 0°C,Z.P. Belikova [1] found that the same spots prove to be alternately sensitive and in- 
sensitive to a given stimulus depending on the temperature of the surrounding environment. The inconstancy of 
sensitivity of given spots was also pointed out by Leontovich [2] and Pshonik [3]. They did not, however, offer 
any explanation of this observation. From our point of view this fact indicates functionai mobility [4-7] in the 
thermoreceptor system of the skin, 


It may be supposed that the number of cold spots is determined by the number of functioning receptor ele- 
ments (nerve endings) which find themselves within the sphere of influence of a cold stimulus, 


The present work is devoted to the study of certain features of functioning and distribution of the so-called 
“cold” spots in human skin. 
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EXPERIMENTAL METHOD 


The properties of receptor cold spots were studied with the help of thermoesthesiometers with various areas 
of the thermoprobe, viz. 1 mm?, 2 mm’, 4 mm", 5 mm?, 7 8 mm’, 11 mm*, 14 mm*, 16 mm? and 
20 mm*, They were all made of the same metal, The temperature of the different thermoprobes was the same 


and equal to +1, +2C, 
/ 2 é 

7 20 2 


Fig. 1. Scheme showing experimental records, 


The area of skin under investigation was stamped with a grid-stamp consisting of 16 squares each 1 cm® 
in area, The intersections of these squares formed 25 points. Each of these points was touched with a thermo- 
esthesiometer with a definite area of thermoprobe. The subject had to indicate by a positive response that mo- 
ment at which the touch of the thermnoesthesiometer produced a sensation of a “cold drop.” Such a sensation oc- 
curred on investigation with thermoesthesiometers with any area of the thermoprobe. 


Tactile and vague sensations were not considered. The subjects were {isolated from the experimenter bya 
special screen. This allowed the experimenter to change the thermoesthesiometers of various thermoprobe areas 
without drawing the subject's attention to the fact. Under such experimental conditions the subject could not 
distinguish visually the different thermoprobe areas (at least within the range of 1 to 11 mm). 


Points corresponding to points on the skin from which a sensation of cold had been obtained in response to 
stimulation were plotted on the grids stamped in the record book. The number of positive responses (+), ob- 
tained on testing the 25 points indicated with a thermoesthesiometer of certain thermoprobe area, was recorded 


(Figure 1). 
Figure 1 represents a protocol record of the investigation. Figures 1, 2,4, 8, 16 over each stamp denote the 


areas of the thermoprobes in square millimeters. The number of positive responses obtained on testing with ther- 
moesthesiometers of one or another thermoprcebe area is merked by a figure under the appropriate stamp. 


Each skin area was tested twice by each therrmmoprobe area and the average value was found for the number 
of positive responses, 


The time of contact with the thermoesthesiometer and the intervals between the contacts were always the 
same. Each contact was of 2-3 seconds duration and the intervals were of 3-4 seconds. The experiments were 
performed on the dorsal aspect of the hand and on the anterior surface of the forearm. Symmetrical areas were 
tested on each upper extremity. A total of 1140 observations was made on 5 subjects. Each of the thermoesthesio- 


meters was used over 100 times. 


EXPERIMENTAL RESULTS 


The occurrence of sensation indicates that there are functioning cold receptor elements in the projection 
zone of the cold stimulus. The larger the number of receptor elements in a given area under investigation the 
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Number of positive responses (in %) 


Area of thermoprobes (in mm*) 


Fig. 2. Graphic representation of the relation 
between the area of the thermoprobes and the 
average number of positive responses on test- 
ing the right (1) and left (2) upper extremity 
in the subject LK. 


Number of positive responses (ib %) 


” 4 6 2 
Area of thermoprobes (in mm) 


Fig. 3. Average number of positive responses 
as percentage of the total number of tests In 
the subject T.O. Abscissa — areas of thermo- 
probes; ordinate — percentage of positive re- 
sponses: 1) areas with high density of receptor 
elements; 2) areas with low density of recept- 
or elements, 


ee 


smaller the area of stimulus required to give rise to the 
sensation, Therefore, the relation of the thermoprobe area 
and the number of cold spots detected can be used for de- 
termining the density of distribution of thermoreceptor 
elements in the skin. 


The experiments showed that as the area of the ther- 
moprobe increased a fairly regular increase in the average 
number of detected cold spots could be observed (Figure 1). 


This reJationship held for both upper extremities 
(Figure 2). 


These data suggest that there are discrete receptor 
elements with sufficient density of disuibution causing 
even a slight increase in the thermoprobe area (1-2-3-4 
mm?) to increase the probability of functioning elements 
being involved in the projection zone for the stimulus, 


In a special series of observations the stamp was not 
washed off the skin over a period of days (5-6). This per- 
mitted observation of the functional changes in the recept- 
or apparatus at the same points, 


Observations revealed that the points tested differed 
from each other in their properties, 


Some of these points show high percentage of positive 
responses coinciding from day to day when both small-area 
and large -area thermoprobes are used, Others show low 
percentage of coincidence of positive responses, 


Figure 3 presents the graphic results of investigation 
of 25 randomly marked points in one subject over a period 
of a week, Each curve unites a group of points which gave 
a similar percentage of positive responses when tested with 


a thermoesthesiometer with thermoprobe area of 1 mm*, 


It can be seen from Figure 3 that there are poins 
which only produce a sensation when the area of stimula- 
tion is considerably extended, and fail to give a 100% posi- 
tive response even when the largest thermoprobe area em- 
ployed in the investigation is used. Other points, on the 
contrary, give 100% positive responses even when the 
smallest thermoprobe area (1 mm?) is used. 


These data signify that receptor elements subserving 
the sensation of cold are distributed nonuniformly in the 
skin. 


It must, moreover, be taken into account that there 
is functional mobility, expressed in alternate mobilization 
and demobilization of receptor elements. 


Functional mobility is associated with a constantly 
varying number of reactive elements within a receptor. 
Therefore, in those skin areas where the density of distribu- 
tion of thermoreceptor elernents is relatively low and 
where, moreover, there is a certain number of nonfunc- 
tioning elements, sensation can only be achieved by in- 
creasing the area subjected to stimulation, 
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It must be stressed that the phenomenon of functional mobility was observed when thermoesthesiometers 
with thermoprobe areas from 1 to 20 mm* were used, However, the amplitude of mobility is brought out more 
definitely when the thérmoprobe area is small (from 1 to 3 mm?) than when larger thermoprobe areas are used 
(Figure 3). This justifies the choice of thermoesthesiometer with thermoprobe area of 1 mm? for investigation 
of functional mobility for cold receptor elements, Such a therrnoesthesiometer elicits a definite sensation of 

cold and at the same time ensures a more precise evaluation of change in the level of functional mobility. 


SUMMART 


Experiments were performed using a set of temperature stimuli of the same intensity but of a different ex- 
tent. This allowed determination of a number of important properties of the cold receptors of human skin, 


The “cold spot” may include a single receptor element or a group of receptors depending on the size of 
the area subjected to the stimulus used in investigation of cold spon. 
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Our previous communications [2,3] described the baroreceptor olfactory -respiratory system in amphibla 
(frogs) and birds (pigeons), It was shown that this system formed a component part of the single baroreceptor sys- 
tem of the upper, middle and lower respiratory passages which was the afferent system for the respiratory center 
and maintained its tonus at a definite level, This system was named the baroreceptor respiratory system. Its 
role in the regulation of the respiratory center activity at the different stages of phylogenesis depends on the spe- 
cies and conditions of existence of the animaL 


Investigation of the role of the baroreceptor respiratory system (baroreceptors of the olfactory apparatus in 
particular) in the regulation of respiration in mammals (rabbits, dogs) is the subject of the present communica- 
tion, 


EXPERIMENTAL METHOD 


A total of 89 experiments on 22 rabbits and 11 dogs was carried out. The rabbits weighed 1-2 kg, the dogs 
4.3-15 kg. The respiratory movements were recorded from the thorax and abdomen of the animals by means of 
two rubber cuffs connected by a T-piece with a Marey*s tambour. The intranasal baroreceptors were stimulated 
by rhythmic forcing of a stream of room-temperature air into a mask covering the animal's nostrils, The pres- 
sure of the air stream was measured by a water manometer, Application of the air steam was recorded cn a ky- 
mograph, 


Part of the experiments were performed on a long-term basis on uacheotomized animals, At tracheotomy 
the upper portion of the trachea was carefully closed either by ligation (rabbits) or by a skin-muscle flap (dogs) 
and a tracheal cannula was inserted into the lower portion of the trachea, 


Olfactory afferentation was abolished by removal of the olfactory bulbs or by transection of the olfactory 
nerves by a somewhat modified technique of B.N. Klosovskii and E.N. Kosmarskaia [4]. Trigeminal afferenta- 
tion was interrupted by extirpation of the Gasserian ganglia. The influence of the cerebral hemispheres was 
studied by mechanical stimulation (trauma, excision of meninges) and by decerebration of the animals. 


EXPERIMENTAL RESULTS 


The initial respiratory rhythm in rabbits was 42-55 respiratory movements per minute, the amplitude be- 
ing 3-10 mm; in dogs the rate was 18-24 per minute and amplitude 5-20 mm. When even weak stimuli (1-2 
mm Hg) were applied to nontracheotomized snimals, stimulation of the intranasal baroreceptors was associated 
with complete adoption of the stimulus rhythm and a sharp decline in the aimplitude of respiratory movements, 
Such a type of reaction can be explained by artificial mechanical inflation of the lungs. 
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Tracheotomy led to slowing of the rate of respiratory movements, with no appreciable effect on their amp- 
litude, in both groups of animals, The generai background of the respiratory uace became more even with no 

change in the form of movement. The respiratory rate varied in rabbits from 30-50 and in dogs from 12-18 re- 
spiratory movements per minute. Rhythmic forcing of an air stream into the nasal passages of tracheotomized 

animals led to some diminution of amplitude and reduction of the rate of respiratory movements, It is interest- 
ing that in a considerable number of experiments the animals* respiratory rate approached the rate at which air 
was being blown in (i.e., phenomenon of *rhythm adoption”), and the lowering of amplitude was so marked that 
by the end of stimulation apnea set in, These experiments show once again the role of reflex mechanisms in the 
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origin of apnea, 
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Fig. 1. Respiratory reactions in wacheotomized dog: in response to baroreceptor stim- 
ulation of na>al mucosa, A) Experiment 10/8/1.%6, *Rhythm adoption” phenomenon 
and reflex apnea in wacheotomized dog; B) ab<nce of respiratory reactions in the 
same dog after cocainization of riasal mucosa; C) experiment 5/29/1956, Respiratory 
reaction and respiration of tacheotomized dog on forcing air into the nose; PD) ab- 
sence of respiratory reaction in the same dog 11 days after bilateral bulbectomy 
(6/9/1956). Records from above down: pneumogram, stimulus marker between | 
and | (forcing of air into nose under pressure), time marker (1 second). 
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Tracheotornized rabbits showed less marked respiratory reactions than tracheotomized dogs. However, rab- 
ee bits also showed the phenomenon of “rhythm adoption® and onset of reflex apnea. 


q The “rhythm adoption® phenomenon associated with stimulation of the inuanasal baroreceptors in tracheo- 
4 tomized animals indicates the important role played by the afferent system under consideration in the activity 
of the respiratory center, The significance of reflex factor: is clearly demonstrated in experiments with anesthe - 
sia of the intranasal mucosa achieved by 2% cocaine solution in which the “rhythm adoption® phenomenon dis- 
appeared completely (Figure 1), 


On abolition of olfactory afferentation (bulbectomy) the animals (6 rabbits and 4 dogs) showed slowing of 
the rate and diminution of the amplitude of respiratory movements similar to those following tracheotomy. The 
general background respiration tracing becomes even more even than after tachcotomy alone. No perceptible 
change in the form of respiratory movements could be observed, Rhythmic forcing of air into the nasal cavity 
of tracheotomized and bulbectomized animals did not, as a rule, elicit any definite respiratory reactions, The ; 
*rhythm adoption” phenomenon was never observed in these experiments, 


The excitability of the nasal mucosa to baroreceptor stimulation was even more sharply reduced when ti- 
geminal afferentation was interrupted, Rhythmic forcing of an air stream into the animal's nasal cavity in these 
experiments caused only the appearance of an undulating background respiratory tracing without changes in the 
rate or amplitude of respiration; at small pressures of up to 100 mm water there was no change in respiration 
whatsoever, 


Complete deafferentation of the intranasal mucosa (interruption of the olfactory and the twigeminal ele- 
ments) abolished completely the effect of even strong baroreceptor stimuli (pressure above 120 imm water) on 
respiratory movements (Figure 2), 


i} 


Fig. 2. Respirator) reaction in wacheotomized rabbit to rhythmic forcing of air into 
the nasal passages, A) Experiment 10/11/1955. Attenuation of respiratory reaction to 
forcing of air into the nose after bilateral bulbectomy; 8) total absence of respiratory 
: reaction in the same rabbit 3 days (experiment 10/14/1955) after deafferentation of 
; the nasal mucosa. Records from above down: the same as in Figure 1, 


The role played by the cerebral hemispheres was studied in experiments on decerebrate animals and in ex- 
periments with mechanical stimulation of the hemispheres. 
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Removal of the cerebral hemispheres carried out in five experiments invariably led to considerable ac- 
celeration of the rate and enhancement of the amplitude of respiratory movements. Thus, for example, in the 
case of rabbits the rate increased up to 55-78 per minute and the amplitude up to 8-14 mm. The respiratory 
reaction to stimulation of the nasai mucosa baroreceptors was expressed in a sharp decrease of amplitude with- 
out change of rate of respiration, The reaction occurred after a longer latent period than prior to decerebration, 
and return of respiration to normal was also considerably delayed, 


Mechanical stimulation of the cerebral hemispheres (wauma, excision of meninges) caused marked re- 
duction of the rate and amplitude of respiratory movements as well as of the reactivity of the intranasal mucosa 
baroreceptors: even strong barorece ptor stimuli (above 100 mm water) failed to elicit perceptible changes in 
respiratory movements, 


It follows from the material presented that the intranasal mucosa carrizs receptors of two afferent systems 
of the respiratury center — the olfactory nerve system and the trigeminal nerve system. The latter ensures the 
more important and at the same time the more crude adaptation reactions of the respiratory center to changes 
in environmental conditions. Olfactory afferentation, developed later than the trigeminal in the process of phy- 
logenesis, regulates the activity of the respiratory center by means of finer reflex influences, Both these systems 
are more reactive in the mammals than the corresponding ones in the amphibia and birds, The cerebral cortex 
exerts an inhibitory, “correcting® influence on the activity of both systems, 


SUMMARY 


It was established that there are two baroreceptive afferent systems of the upper respiratory tract in mam- 
mals (rabbits and dogs) ~ trigeminal and olfactory. These systems are more reactive to variations of pressure in 
dic nasal cavity than those in amphibia and birds. The significance of these systems in regulation of respiration 
is demonstrated by their adaptive effect on the activity of the respiratory center; it is directly dependent on the 
conditions of the animal habitat. 
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One of the least-investigated mechanisms of osmoregulation is that concerning receptors which react spe- 
cifically to changes in the concentration of osmotically active substances in the body fluids. Apart from several 
a communications in which administration of hypertonic solutions was monitored by reactions of the organism not 
a connected directly with osmoregulation [1, 2] the number of references to specific reception is extremely limited, 


E. Verncy [3] elicited the appropriate reflex by introduction of hypertonic solutions into the carotid artery 
exteriorized in a skin flap, He puts forward the suggestion that the antidiuretic reflex arises as the result of stim- 
ulation of osmerecepters situated along the course of the internal carotid artery in the hypothalamic area and 
describes special histologic structures in the shape of microscopic vesicles, which, in his opinion, decrease in 
volume when osmotic pressure rises and increase in volume when it falls. E. Verney denies categorically the ex- 
istence of osmoreceptors in other parts of the body. . 


= 4 However, the possibility is not excluded that osmoreceptors are extensively represented in the body along 
lines similar to those which apply to baro- and chemoreceptors, 


The present work is concerned with an attempt to study this question. 


EXPERIMENTAL METHOD 


Changes in diuresis were studied in dogs after injection of hypertonic solutions into the carotid artery ex- 
teriorized in a skin flap. Permanent ureter fistulas were made by the Pavlov-Orbeli method. The stimulating 
agent was NaCl solution in concentrations of 2.5-3% which was injected in 2-3 mi doses intra-arterially in a 
cephalad direction, 


EXPERIMENTAL RESULTS 


Intra -arterial administration of hypertonic solution against the background of spontaneous diuresis not ex- 
ceeding 5 ml/min per 1 m?® body surface always caused its inhibition. The latter developed in the course of 10- 
20 minutes, sometimes reaching complete anuria. The amount of urine then began to increase, approaching the 
initial level (Figure 1), 


This effect took place only when the hypertonic solution was injected intra-arterially. Injection of the 
same amount of the same solution intravenously either produced no effect at all or caused a slight increase of 
diuresis. Deafferentation of the carotid sinus zone did not affect the antidiuretic effect elicited by administra- 
tion of hypertonic solution and, therefore, showed that this reflex was not connected with the chemoreceptors of 
the carotid body. 


We thus confirmed E, Verney*s data concerning the presence of osmoreceptors in the hypothalamic vessel, 


However, inhibition of diuresis on intacarodd injection of hypertonic solution occurred consistently only 
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against the background of diuresis not exceeding 5 ml/min per 1 


<5 m* body surface. Injection of hypertonic NaCl soludion against the 
. background of massive or rising diuresis never elicited its inhibition, 
E q The absence of inhibition under these conditions is as consistent as 
Es its presence under conditions described above, 
S2 Figure 2 shows introduction of water (50 ml per 1 kg body 
= weight) into the stomach, followed by growing diuresis. An intra- 
£ ° caroud injection of 3% solution of common salt was made on the . 
Be ” 20 30°40 30 40 10 45th minute when the diuresis had reached considerable propor- ee 
Time (in minutes) tions, As can be seen from Figure 2 no inhibition of diuresis oc- 
curred, Subsequently, when the excess water had been largely 
Fig. 1. Effect of inwacarotic injection eliminated from the body, injection of hypertonic solution pro- 
of hypertonic NaCl solution on spon- duced the usual inhibition of diuresis, 


taneous diuresis, Arrow indicates in- q 


jection of 3% NaCL 


arterial administration of a small amount of 3% NaCl solution proves to be adequate to ensure that “local* in- 


Inhibition of diuresis thus arises only at a certain level of ; 
diuresis, We suggest that this speaks in favor of extensive distribu- 
tion of osmore gulators in various organs, 


The phenomena observed by us are based on competitive relations between conditions created by hydration 
and the intra-arterial administration of hypertonic solution. Under ordinary conditions of water balance intra - 


crease in osmotic pressure in the area supplied by the carotid artery elicits a reflex reaction, mediated by the 
nucle} of the hypothalamic region, from the neurohypophysis. Under conditions of water-loading the osmotic 
pressure of the internal medium of the body is reduced and hyperlydration of the tissues results, All the osmore- 
ceptors in the body send afferent impulses towards the center which inhibit secretion of the antidiuretic hormone, 
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Diuresis (in m1/min/m?) 


Fig. 2 Effect of injection of hypertonic NaCl solution into the com- 
mon carotid artery against the background of developing water diuresis, 
1) Introduction of water into the stomach; 2) administration of hyper- 
tonic solution during increasing diuresis; 3) intracarotid injection of 
hypertonic solution against the background of declining diuresis. 


The absence of inhibition of diuresis on intracarotid injection of hypertonic solution under conditions of 
water-loading seen from this viewpoint can be explained as the result of predominance of reflexes from the 
main mass of tissue receptors over the “hypertonic” reflex from the Verney osmoreceptive zone. 


In order to verify this hypothesis a series of experiments were performed on dogs in whom the main mass 
of interocepters was isolated from the hypothalamic region by transection of the spinal cord. The results of this 
series are demonstrated in the curve of Figure 3. 


Following spinal cord transection at the level of T-7 and T-8, injection of concentrated solution produced 
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diuresis is more pronounced the higher the cord transection, 
Evidently this is determined by the fact that impairment 

of refiex connections between the cerebrai centers and the 
main mass of receptors in the body is associated with as- 
sumption of a dominant role by the internal carotid artery 
osinerece ptive zone in the regulation of salt-water balance, 


oe Z profound inhibition of diuresis against the background of 
a 0 copious urinary secretion which develops very rarely after 
a 9 | transection of the spinal cord, In the experiment under 
q consideration the rate of urinary excretion at the moment 
i od of injection of the hypertonic solution was 8.6 ml per 1 
4 ? minute per 1 m® body surface; 10 minutes later the amount 
4 P of urine fell to 24 mL 
Antidiuretic effect against the background of copious 


Diuresis (in ml/min/m*) 
>» 


The materia! presented provides a basis for postulating 
that osmoreceptors are represented not only in tie sensory 
formations discovered by E, Verney in the hypothalamus 
but are a very widely distributed type of interoreceptors in 
. carotid injection of hypertonic solution in dog the internal organs, Osmoregulation is thus achieved re- 
bec with t . flexly as the result of the influence of afferent impulses 
transected spinal cord. Arrow marks in- 

a jection of 3% NaCl reaching the neurohypophysis from all osmoreceptors of 
the body via the nuclei of the hypothalamic region, 


170 20 30 40 $0 60 90 
Time (in minutes) 


Fig. 3. Antidiuretic reaction elicited by intra- 


SUMMARY 


In opposition to E, Verney"’s (1947) viewpoint that there is a narrow localization of osmoreceptors along & 
carotis interna in the hypothalamic area, the author assumes that there is a widespread distribution of receptors 
sensitive to variations of osmotic pressure, This assumption is based on the fact that the antidiuretic reflex, 
regularly repeated after intracarotid injection of 3%.NaCl solution against the background of spontaneous diuresis 
is absent when urinary excretion is over 5 ml a minute per 1 m* of the body surface. The fact of the wide dis- 
tribution of osmoreceptors is confirmed by experiments on animals with divided spinal cord in which the depres- 
sion of the diuretic activity of the kidneys described above occurs with any diuresis, 
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z REACTIONS OF DOGS 
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‘ag The Institute of Higher Nervous Activity (Director ~ Active Member Acad. Med. Sci. USSR 
4 A.G. Ivanov-Smolenskii), Acad. Sci. USSR, Moscow 


(Received November 29, 1956, Presented by Active Member Acad. Med. Sci. USSR V.N. Chernigovskif) 


7 LP. Pavlov was led to conclude that “time” could, under certain conditions, act as a conditioned stimulus; 
a this view evolved on the basis of a number of works (9, 13, 14, 25]. The question of time as a conditioned stim- 
g ulus was studied in numerous subsequent investigations (1-7, 10, 15-17, 19, etc.]. It was established that reflexes 
to “time” follow the same laws as reflexes to other experimental! stimuli used in work with animals, 


The majority of authors conducted their experiments with the use of secretory technique; there has not 
been an adequate amount of work on this important question employing the motor technique. It must, moreover, 
be mentioned that fairly conflicting references are encountered in the literature [2, 7] concerning the dynamics 
of the formation of the motor conditioned reflex to “time® in dogs. 


All this led us to the study of the appearance and course of the reflex to “time” during the formation of 
defensive motor reactions in dogs, 


EXPERIMENTAL METHOD 


A defensive reflex in the form of raising of the right fore -limb was developed in dogs to electrocutaneous 
reinforcement; if the dog raised its paw in response to the signal and kept it raised for a definite period of time 


q no current was applied to the limb (V.P. Petropavlovskii’s technique [22]). 


The magnitude of the motor reaction was measured by special meters [23]. 


The reinforced stimuli consisted of a bell (bl+) and light from a 40-watt electric bulb (It+); the same stim- 
uli served as differentiation stimuli but were interrupted once per second (bl-, It-), The number of positive and 
inhibitory stimuli in an experiment was about equal A total of 8-9 stimuli was used in an experiment. In one 
4 series of experiments these stimuli were used in no particular sequence, in another a stereotyped sequence was 
a adopted: It+; bl-, bl+; It-, bl-, ble. The pauses between the stimuli were maintained constant 4 
minutes — throughout the two series of experiments, The duration of each conditioned stimulus was 25 seconds, 
The unconditioned stimulus (induction current) was applied on the 10th second of the action of the positive stim- 
ulus (bl+, It-). The experiments were performed during 1953-1955, always during the first half of the day. The 
experimental material consists of 839 experiments, 


Five dogs were used in the experiments: Moriak, Chernysh, V'iunok, Sharik, belonging to the strong type 
of higher nervous activity and Shtorm, whose higher nervous activity was of the weak type.® 


*The type characteristics of all the dogs except Sharik were determined in detail. Sharik was not subjected to 
special investigations, and his type was judged solely on the basis of the dynamics of conditioned reflex formation 
and the results of observations of his behavior in the anima] house and during experiments. 
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EXPERIMENTAL RESULTS 


As reported earlier [27], the defensive reflexes developed by us first became apparent during the intervals 
between the sdmuli used (intersignal reactions), and only later appeared in response to the direct action of these 
surnuli, It was shown In the same Investigation that during the first few trials the intersignal reactuuns were 
distributed almost uniformiy throughout the whole interval but soon began to undergo a rearrangement approach- 
ing more and more the time of presentation of the next sumulus. Reactions appearing not earlier than 30 sec- 
onds prior to presentation of the stimulus are classed as reflexes to “time.” It is the characteristics of these re- 
flexes to ime that form the subject of the present work, 


Fig. 1. Change in respiration towards the time of application of the stimulus (inhibit- 
ory bell, application No. 9). Dog Shtorm, experiment 4/27/1954. Records from above 
down: respiration, movement of the paw, conditioned stimulus marker, unconditioned 
stimulus marker, ime marker (1 second). 


The conditioned reflex to the time of application of the stimulus manifests itself first of all by a change 
in respiration (Figure 1) and in some dogs by a vocal reaction (loud barking, squealing, whining) towards the 
end of the interval, The conditioned reflex in the form of the movement being elaborated appears somewhat 
later. 


In the absence of a definite sequence of positive and inhibitory stimuli during the experiment the reflex 
to the time of their presentation appears at the end of each pause, i.e., before each stimulus, irrespective of 
their position in the experiment. The intensity of tzis reflex, depending on the type characteristics of the dog, 
may be either the same throughout the experiment, decrease towards the end of the experiment, or undergo ir- 
regular changes during the experimental day. 


When the sequence of positive and inhibitory stimuli {is fixed, definite phases in the establishment of the 
reflex to “time® can be observed (Table 1). 


Table 1 shows that during the first few experiments (Groups I and II) a conditioned motor reflex appears 
before each stimulus, both positive and inhibitory. However, the conditioned reactions preceding the different- 
iation stimuli begin gradually to diminish in magnitude as compared with reflexes appearing before the positive 
stimuli (Groups II] and VI) and become completely inhibited on reinforcement of the systematic arrangement. 
Subsequently the conditioned reflexes to the time of presentation of positive stimuli also begin to be inhibited; 
they are observed mostly at the beginning of the experiment only. 


In experiments with a constant stereotyped pattern of stimuli a remarkable mobility of the conditioned 
reflex to the time of their presentation was noted. In individual experiments the constant 4-minute interval 
were intentionally replaced by 1-, 2-, 6- and 7-minute ones and in all these experiments it was observed that 
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TABLE 1 


Change in the Reflex to Time of Presentation of Successive Stimuli With Reinforcement 
of the Stereotyped Pattern (Mean values of groups of 10 experiments) Dog Chernysh 


Sequence of stimuli in the experiinent 


stereotyped pattern of stimuli 


bl+ | | | ble 


Groups of 
ten exper- 


iments | It+ 


I _ 108 1 109 3 84.1 59.9 31.5 40.8 34.1 

it a 892.4 700.1 914.1 679.4 404 0 283.0 295 2 
iil 556.2 261.9 402.0 117.8 320.1 67.6 255.2 
IV _ 156.8 23.9 255.2 78.0 145.6 0 71.5 

Vv - 67.4 24.6 52.1 9.1 45.8 v 40.0 
Vi -- 66.1 5.4 79.5 14.6 0 0 0 
Vil _- 75.5 0 86.6 0 1.4 0 7.6 


the dog was able to switch over to the new time relationships in the course of a single experiment. 


In this variant of the experimental procedure the stimulus used was summated and consisted not only of the 


distant stimulation but also of the constancy of the time of its presentation. This created optimal conditions for 
a more definite formation of cortical functional mosaic with the appearance of definite positive and inhibitory 
foci, positive and inhibitory “positions” in the experiment. 


Marked stability of elaborated systematic arrange - 
ment was noted in all the experiments with alteration in 
the pauses between the stimuli but preservation of their 
sequence: the reaction during the intervals appeared, as 
a rule, only before the positive stimuli. This arrange- 
ment was not impaired when the constant 4-minute inter- 
vals were replaced either by equal or by unequal intervals 
(2, 4, 6, 1, 3, 7, 5 minutes) in the course of the experi- 
ment (Table 2). 


TABLE 2 


The Influence of Intervals Between Stimuli on 
Conditioned Reflexes to Time 


Pauses between | Reflexes during the pauses 
stimuli in preceding application of 
minutes 


(average value during the 
experiment) 


In the latter case the reactions in the intervals re- 
flected, understandably, the sequence of presentation of 
the stimuli rather than the conditioned time, 


The magnitude of the reflex to “time was different 
in the experiments with and without a stereotyped pattern. 
This was judged by the formation of delayed inhibition, 
on the grounds of the common features in the mechanism 
of the formation of delay and reflex to “time” (Pavlov). Thus, in the presence of a stereotyped pattern of stim- 
uli no delaying inhibition could be achieved (257 combinations), whereas in experiments with variable signifi- 
cance of each 4-minute interval of time delay developed very rapidly — after 12 combinations, Evidently, ex- 
citation elicited constantly by time as a conditioned stimulus was of considerable strength in the former case 
and hindered the development of the inhibitory process. The facts described below are probably associated 
with de laying inhibition. 

At the beginning of the experiments all the dogs showed the following curious picture: having raised the 
paw during the first few seconds of the action of the positive conditioned stimulus, the dog lowered the paw on 
the 10th second (towards the moment of its reinforcement by the current) i.e., produced a reaction opposite to 
the signal significance of the stimulus (Figure 2). This fact was observed during reactions both to the auditory - 
and light-positive conditioned stimuli, but in the case of the bell, inhibition towards the moment of application 
of the unconditioned stimulus appeared earlier than in the case of the light, and disappeared later. Chernysh, 
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fur example, lowered the paw towards the moment of ; 

. 

re ee the usual reinforcement of the bell by electric current ' 
we, -S~ (10th second) for the first time during the 2nd experi- | 


reflex to light, on the other hand, was inhibited on the 
rip >) i 10th second beginning with the 4th day (with the given 
, stimulus) and disappeared by the 7th day. Later such a 
(ony . H picture was only observed when the experimental condi- 
tions were very difficult, It would appear that during 
] the early stages, when the proprioceptive stimulation 
a had not yet become a signal, the pain character of the 
unconditioned reinforcement determined the overpower- q 
ing character of the conditioned stimulus at the moment 
of application of the unconditioned stimulus — tansient 
*overswing” inhibition then appeared: the dog, having 
raised its paw to the signal, lowered it on the 10th sec- 
ond (time of application of current). 


| fir mental day and this reaction persisted for 10 days. The 
f 


Fig. 2. Inhibition of conditioned reaction on 
the 10th second of stimulus action, Dog Cher- 
nysh, experiment 5/27/1954, Records the same 
as in Figure 1.4 ) time of presentation of uncon- 
ditioned stimulus, 


The same relationships, but opposite in sign, were 
noted also during the formation of the inhibitory reflex: during the first 10 seconds of the action of the differ- 
entiation stimulus there was an inhibitory reaction; on the 10th second (moment of reinforcement bl+) a posi- 
tive reaction occurred either in the form of a single raising of the paw (Figure 3a) or in the form of a tonic re- 
action (Figure 3b,c); later this manifestation was only discernible in the change of the pneumogram, 


Thus, in both cases, the adequate reaction on the 10th second passed into a reaction opposite to the sig- 
nal significance of the stimuli, 


Fig. 3. Disinhibition of the motor reaction on the 10th second of the 


: action of the differentiation stimulus in the dog V‘iunok; a) experi- 
i : ment 5/10/1954; b, c) experiment 5/17/1954. Records are the same 
‘ i as in Figure 1. In trace a) respiration was not recorded, 
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It seems to us that these experiments indicate that nct only the time of application of the stimulus pos- 
sesses strong signal properties [18] but also the time of application of the reinforcement of this stimulus (under 
eur experimental conditions) acquires a distinctive signal role, This ts particularly vividly demonstrated by the 
appearance of a motor conditioned reaction on the 10th second of the action of the inhibitory (diff+centiation) 

_ stimulus; the reflex to the time of reinforcement of the positive stimulus proved to be generalized to auditory 
stimuli, and to a greater extent than the reflex to the signal sumulus; the dog distinguished continuous sound 
fiom an interrupted one and only on the 10th second reacted similarly to both. This phenomenon should, evi- 
dently, be regarded as a peculiar manifestation of the reflex to “time.” Alongside the reflex to the time of the 
presentation of successive conditioned stimuli a reflex to the time of presentation of the unconditioned stimulus 
also develops in the cases described. 


While the signal role of ime from the beginning of the action of a positive stimulus to the moment of its 
reinforcement has long been known from work on trace and delayed food reflexes (8, 11, 12, 22}, the fact that 
the increase in the stimulating process at this moment could a!so be transferred to the inhibitory stimulus was 


new to us and particularly interesting, 
The present investigation leads to the following conclusions, 


The reflex to *time® is revealed first in the vocal and respiratory components and only later in the motor 
component of the conditioned defensive reaction being elaborated, As training of the condiudioned motor reflex 
to positive and inhibitory stimuli proceeds, a gradual concentration of the stimulating process towards the mo- 
ment of presentation of the conditioned stimulus occurs: a) with constant pauses, but in the absence of a defi- 
nite sequence of stimuli, the conditioned reflex to the time of their presentation occurs before each successive 
stimulus irrespective of its signal significance (positive, inhibitory); b) with constant pauses and a fixed sequence 
of positive and inhibitory stimuli the reflex to "time" (with reinforced stereotyped pattern) appears only before 


the positive stimuli. 


The conditioned reflex to the time of presentation cf positive conditioned stimuli hinders the development 
of delaying inhibition. During the formation of motor defensive reflexes with 10-second lags a conditioned re- 
flex to the time of application of the unconditioned reflex is observed in the first few combinations, It is ex- 
pressed in inhibition of the respiratory and motor reflexes on the 10th second of the action of the positive simu- 
lus, The conditioned defensive reflex to the time of reinforcement of the stimulus which fs positive during the 
first few combinations occurs also during the reaction to the inhibitory stimulus; disinhibition is seen on the 10th 
second of the action of the differentiation stimulus; it is expressed in the form of a transient or prolonged motor 
reaction. As the positive and inhibitory reflexes are strengthened the reflex to the time of application of the 
unconditioned reflex is extinguished and becomes only infrequently discernible in the respiratory component. 
This reflex becomes prominent under difficult experimental conditions, The conditioned reflex to “time” ob- 
served by us during the formation of artificial motor reflexes arises as the result of constant coincidence of given 
segments of time with a definite functional state of the cortical cells regularly evoked by the action of the 


stimuli used, 


SUMMARY 


Experimental investigation of reflex to the time of presentation of defensive signal stimuli (sound and 
light) was carried out by V.P. Petropavlovskii’s method. Experiments were performed on 5 dogs over a period of 
3 years, It was established that the reflex to “time” was revealed at first in the vocal and respiratory compon- 
ents and only then in the motor component of the conditioned reaction (the raising of the right forepaw). 


In the absence of a definite sequence of signal stimulations, but with fixed intervals between them, the 
conditioned reflex to the time of their presentation appeared irrespective of the position of the stimuli in the 
experiment. With fixed sequeice of the positive and inhibitory stimuli the reflex to “time” appeared only be- 


fore the positive stimuli. 
It was established that not only the time of presentation of the stimulus had a signal action, but also time 
of the reinforcement (current) acted as a signal 
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TUE EFFECT OF PROLONGED ADMINISTRATION OF ACTH ON THE 
UNCONDITIONED REFLEX SALIVARY SECRETION IN DOGS 
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Professor L. Telcharov), Plovdiv, Bulgaria 


(Received July 28, 1957, Presented by Active Member Acad, Med. Sci. USSR V.N. Chernigovskif) 


The question of changes in the functional state of the central nervous system under the influence of hor- 
mones and endocrine preparations is of great theoretical and practical interest and attracts the attention of many 
physiologists and pathologists (5, 7}. 

At present, adrenocorticotropic hormone (ACTH), which possesses a wide spectrum of action, is receiving 
extensive application in clinical and experimental work. Literature data show that it exerts considerable effect 
on the central nervous system, including the cerebral cortex and subcortical areas, Our observations [2,3] and 
the data obtained by S.P, Pyshina [4] indicate that small doses of ACTH excite the cerebral cortex while large 
doses inhibit it. D.A. Biriukov suggested [1] that ACTH exerted an influence on the central nervous system 
when given in large doses, Clinical observations point to excitatory action of ACTH and glucocorticoids on the 
food reflex (6). 

The present investigation is concerned with the study of the effect of ACTH on unconditioned salivary se- 


cretion in dogs. 


EXPERIMENTAL METHOD AND RESULTS 


Experiments were carried out on two dogs (Zhelcho, weight 15 kg and Sivcho, weight 17 kg) aged about 
4 years. 

25 g meat-biscuit (1:3) powder served as food stimulus. The dogs consumed 5 portions at 5-minute inter- 
vals. Salivary secretion was recorded every 30 seconds during 5 minutes. 30 minutes prior to the experiment an 


intravenous injection of 50 mg ACTH (3-3.3 mg per 1 kg body weight) was made. A total of 8 injections was 
given, Each dog received 400 mg ACTH. Control experiments with intravenous injection of physiologic solu- 


tion were performed before and after the experiments with ACTH administration, 


In the case of the dog Sivcho administration of ACTH elicited increased unconditioned salivary secretion; 
this increase amounted to from 4 to 18% as compared with the normaL 


The animal's behavior showed a sharp change, with restlessness and marked motor excitation. The dog 
flung itself about in the stand which made continuation of experiments impossible. These manifestations per- 
sisted for over two montiis after cessation of ACTH administration, the unconditioned salivary secretion remain- 


ing 6 to 40% higher than normaL 


Injection of ACTH caused a 7 to 15% increase in unconditioned salivary secretion of the dog Zhelcho dur- 
ing the first two days, During the next two days, however, the salivary secretion dropped by 48% compared with 


the normal 
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Subsequently this dog again showed increased salivary secretion and after cessation of ACTH injections it 
remained 29-32% higher tian normal for over two months, Motor excitation was sometimes observed. 


The data obtained indicate that administration of 3-3.3 mg per 1 kg body weight ACTH for 8 days elicits 
increased unconditioned salivary secretion in dogs. This {s associated with motor excitation pointing to increased 
excitability of subcortical elements, 


Increased subcortical excitability is evidently the result of inhibition of the cerebral cortex since our pre- 
vious Investigations [3] showed that large doses of ACTH inhibited the cortex. Unconditioned salivary secretion 
does not reaura to parma! for a prolonged period after cessation of ACTH adminiswation. It remains raised for 
several months, 

SUMMARY 


It was established that the administration of ACTH to dogs brought about unconditioned salivary secretion 
and pronounced motor excitation, 


After interreption of hormone administration the unconditioned salivary secretion was still increased for 
period of two months. 
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Difficulties are encountered during investigations with pure rutin on account of its low solubility in water. 
This requires the use of such solvents as, for example, propylene glycol or a hot 5% soluticn of ethy! alcohol (11, 
etc.); these authors point out, however, that on cooling for only a few minutes the rutin begins to be precipitated. 


In the literature the use of rutin is described in the form of its soluble compound with urotropin (10, etc.}; 
the preparation and properties of this compound were recently described in detail in articles by T.P, Litvinova 
(5, 6]. Little has been written about the biclogical action of this soluble preparation. Accordingly, we performed 
this present investigation in order to study the biological action of this soluble compound of rutin with urotropin. 


EXPERIMENTAL METHOD 


The preparation used in the experiments was obtained in ampoules from the Moscow Pharmaceutical Insti- 
tute, and we also used a rutin preparation made in our own laboratory by the following forraula [5]: to 2.5 g ru- 
tin and 5 g urotropin was added 100 ml of distilled water, and the mixture was kept at boiling point for 2-3 min- 
utes, then after cooling the solution was made up to its original volume, A tansparent solution was obtained, 
dark yellow in color and with a sweet taste and neutral] reaction. Weaker solutions of rutin were prepared by 
suitable dilution of the 2.5% rutin solution in water. 


In order to determine the action of rutin a biological prophylactic method was used, We employed a for- 
mula used in the Institute of Biochemistry of the AN SSSR (4],introducing certain changes (a different diet, dif- 
ferent type of cage, for measurement of capillary resistance we selected another part of the animal's body, and 
soon). The vitamin P action of the test preparation was determined by its effect on the change in capillary re- 
sistance of the skin of the hind part of the back of a rat by applying vacuum suction at a negative pressure of 
200 mm of mercury below atmospheric. The capillary reaction was determined while a shaved (2 to 3 hours be- 
fore the determination) area of the animal's skin was kept under the vacuum until the appearance of the first 
petechiae (the number of petechiae must not be less than three). The surface of this area of the animal's skin 
was smeared with vaseline before measurement of the permeability. 


Experiments were made on young, male white rats weighing 80 g. Before the experiments the animals 
were kept on a general diet consisting of oats, bread, meal, meat, vegetables, milk and sunflower seeds, 


In the period immediately before the experiment preliminary measurements were made of the time of ap- 
pearance of petechiae in the rats, In each group rats were selected with close capillary reactions. Animals 
whose capillary reactions were very different were not included in the experiments, 


The experimental rats were kept on a diet lacking in vitamin P, consisting of corn starch — 65%, casein — 
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18%, bakers* yeast — 8%, lard — 5% and mixed salt -4% According to the findings of our Institute, the yeast f 
contained vitamin By — 2 mg % and vitamin B, — 4.8 mg % From the constituents listed cakes were baked every q 
day and these were given in equal weight to all the animals in such quantities that surplus food was left: on the. 
Sth to 10th days each rat was given from 20-25 g and on subsequent days from 30-40 g. The rats® :*tions also 
included water. In addition, each rat received every day 10 1.U, of vitamin A and 5 1.U, of vitamin D, dissolved 
in sunflower ofl, by mouth, 


Altogether in the experiments there were three groups of animals,each of twenty-five rats, The rats were 
distinguished by the quantity of the rutin preparation given, 


The rats in the first group (control) received every day 4 rg of urotropin (0,08 mg in 5% solution), The 
rats of the second group received every day a preparation equivalent to 0,1 mg of rutin (0,08 ml of 1.25% solu- 
tion of rutin with urotropin). The rats of the third group received daily the preparation equivalent to 2 mg of 
rutin (0,08 ml of 2.5% solution of rutin with urotropin), The experiments were performed in May and June 1954, 


During the experiment each cage contained 4 rats, with the exception of 5 animals from each group 
which were kept in {solation so that their dietary Intake could be calculated, 


In order to determine the dietary Intake, the residual food from all the rats was weighed daily. To deter- 
mine the effect of the test doses of the preparation of rutin on growth, the animals were weighed once every 
five days. 


The experiment lasted one month. At the end of the experimental period the capillary reactions of the 
animals were again tested at the same pressure and using the same areas of skin. On the day they were removed 
from the experiment the rats received the appropriate amount of rutin preparation in the morning; the measure- 
ments of the capillary reaction were made about 3 hours after administration of the rutin, 


In the an!mals of the first and third groups the ascorbic acid content of the organs (liver, brain, spleen) 
was estimated by means of a method used ,outinely at the Institute of Vitaminology, 
EXPERIMENTAL RESULTS 
The rate of growth of the animals kept on a diet including the rutin preparation and on the same clet 


without vitamin P was aimost the same (see table), 


Average Weight of Rats Before and After Experiment 


No. of group | Dose of pre- 
paration (in 


mg of rutin) 


Average weight of rats (in g 
at the start of | at the end of 
the experi- | the experi- 


ment ment 


Average in- 
crease in 


0 


Second 0.1 136.8 
Third 2.0 168.8 
Fourth General dier* 114.0 


*For comparison observations were made on animals (19 rats) kept on the 
general diet for the same period. 


The average increase in weight of the animals at the end of the experiment in the control group and in 
the third group was the same (about 170%); in the second group the increase was rather less (about 140%). In 
animals kept on the general diet the increase was smaller (114-117%) than in the remaining groups. Thus ani- 
mals kept on an artificially blended diet grew more rapidly in the same period of time than rats kept on the 
general diet of the vivarium, 


The absence of any influence of rutin on the rate of growth of male white rats with an initial weight of 
90 g, with a considerably larger content of rutin in the dict (0,25, 0.5 and 1% of rutin in the diet) was observed 
(11) in an experiment of long duration (140 days with 6 animals in a group). These authors also point out that 
rutin had no effect on the weight of the organs nor on their histological picture. Mescherskaia-Shteinberg and 
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co-workers [7] also showed that the daily administration of 2 mg rutin per 1 g weight to growing rats and mice 
did not affect thelr growth, 


The appeute of the various groups of animals kept on the artificial diet with or without the ruc prepara- 
tion was practically the same, as confirmed by the fact that the quantity of food eaten by the animals during the 
experiment was almost the same, 


The results of the measurements of the ume of appearance of the capillary reaction in the animals at the 
commencement of the experiment and 30 days afterwards are shown in Figure 1, 


In the animals of the second and third groups, at the commencement of the experiment the capillary reac- 
tion appeared quite quickly, mostly during 10 to 36 seconds (in 83 or 92% of cases) while in the animals of the 
control group the reaction appeared more slowly (in 76% of cases during 3 seconds or more). 


At the end of the experiment the animals of each group showed considerable variation between the dmes 
ef appearance of the reaction, In rats of the control group, not receiving the preparation (see Figure 1a), the 
time of appearance of the capillary reaction was tie same in 60% of cases, and amounted to less than 20 seconds, 
This shows that the capillary permeability of the animals was increased in the absence of vitamin Py. 


° of expt. 
of expt. 


120 En 


Individual animals 


(in seconds) 


Time of appearance of reaction 


Time of appearance of reaction 
(in seconds) 
8 


Fig. 1. The capillary reaction in animals: a) not receiving a rutin 
preparation (first or control group) and b) receiving the preparation 
in a dose of 0.1 mg per day calculated as rutin (second group). 


In rats receiving preparation equivalent to 0.1 mg of rutin (second group, Figure 1b), in the majority of 
c1ses (71%) the time of appearance of the capillary reaction was over 30 seconds. In animals receiving a large 
dose of the preparation — equivalent to 2 mg of rutin (third group), in 52% of cases the time of appearance of 
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the reaction was also over 30 seconds, Comparison of these findings with the results of observations on animals 
of the control group shows that the capillary permeability of the animals of the two experimental groups at the 
end of the experiment was lower (time of appearance of the reaction over 30 seconds) than in the control ani- 
mals (time of appearance of the reaction under 20 seconds), 


The results obtained show that the preparation of rutin with urotropin® reduces the capillary permeability. 
However, we were unable to establish a connection between the physiological activity and the selected doses of 
the preparation, V.N. Bukin and N.N. Erofeeva (2) also report on the action of this preparation In streagthening 
the capillaries, 


Values of the ascorbic acid content of the organs of the rats (Figure 2) kept on the vitamin P-deficient diet 
and on a diet containing the preparation (equivalent to 2 mg of rutin daily) show that the ascorbic acid content 
of the liver, brain and spleen of these two groups of rats was almost identical, Consequently the vitamin P pre- 
paration has no effect on the concentration of ascorbic acid in the organs of rats, 


It must be mentioned that our values of the ascorbic 
acid content of the liver of the rats (30-33 mg %) are con- 
siderably higher than those found by other workers in ex- 
periments on animals kept on ordinary dict [9,3] and are 

Liver Brain Spleen closer to the results obtained in experiments using the same 


Fe =e 3 A-* artificially blended diet (8,etc.}. In the brain of the ex- 
ME ae es 2§o. 2s 3 = Ps perimental rats we found from 33-35 mg % of ascorbic 
Ing acid, which is somewhat higher than the findings of other 
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Our findings of the ascorbic acid content of the 
spleen (39-37 mg %) are close to the experimental results 
of other workers (9,3, 8]. Since the increased content of 


Ascorbic acid (in mg) 


10 
ascorbic acid, especially in the liver, was observed in both 
—_ animals not receiving vitamin P and in rats receiving the 
elndividual determinations oAverage rutin preparation, the fucreased synthesis of ascorbic acid 


may be attributed to the effect of the diet, 


Fig. 2. The ascorbic acid content of the organs 
of the rats, SUMMARY 


A soluble preparation of rutin with urotropin has a 


P-vitaminic activity which is manifested by increased stability of capillaries. This preparation has no effect on 
the growth and appetite of the animals or on the concentration of ascorbic acid in the liver, brain or spleen of 


rats, 
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PERIODIC ADMINISTRATION OF VITAMIN By AND ITS EFFECT ON DEMAND 


A.A. Lapina 


From the Department of Vitamins A, D and E (Head — Prof. S.N. Matsko) of the 
Research Instimte of Vitaminology (Director — Active Member Acad, Med. Sci. USSR B.A. Lavrov) 
of the Ministry of Health of the USSR, Moscow 


(Received August 19, 1957. Submitted by Active Member Acad. Med. Sci. USSR B.A. Lavrov) 


The action of vitamin B, administered periodically has not so far been mentioned in the literature, which 
led us to undertake its study, 


In order to deal with this problem we cartied out (in successian) two prophylactic experiments, identical 
in their duration and in the method of performance, 


EXPERIMENTAL METHOD 


The experiments were performed on male rats one month eld (weighing 50-60 g),obtained from the nursery 
of our Institute where they were kept under identical conditions and on the same dist. The animals selected 
were divided into seven groups, The animals of the first four groups received vitamin B, daily in doses of 5, 10, 
20 and 25y respectively, while rats of groups V and VI received vitamin B, periodically in a dose of 20y a days 
the animals of group V — one weekly dose of 140y and the animals of yroup VI — one dose of 28Cy every two 
weeks, Group VII consisted of control rats — they received no vitamin B, at all, 


The minimum prophylactic dose of riboflavin was taken to be 20y. This dose corresponds roughly to the 
dose of vitamin B, (257) which is considered [2] to be fully adequate to mnaintain the normal condition of animals, 


The first six groups of the first experiment consisted of 15 animals each, and in the corresponding groups 
of the second experiment, 20 animals each, while in the control group there were 10 animals, The experiment 
lasted 90 days. The animals were weighed on the day the experiment started and thereafter every 10 days, 


After the first day of the experiment all the rats received a diet practically free from vitamin B,, made 
up as follows: Osborn-Mendel salt mixture — 4%, sunflower oil — 8%, vitaminized fish oil — 2%, casein, ground 
and washed free from vitamin B, — 18%, corn starch — 68%, 


In addition to this diet each animal received daily an aqueous solution of vitamins of the B group: vita- 
mins By and Bg, 20y, nicotinamide ZS5y, choline 5 mg and calcium pantothenate 150y (as advised by the Institute 
of Nutrition). Furthermore all the experimental animals received once a week vitamins A and D in oily solution 
(in a dose of 60 1.U. of vitamin A and 2 1.U. of vitamin D per rat per day). 


Vitamin B, was given to the rats in the form of an aqueous solution. The condition of the animals was 
gauged by their gain in weight during the 90 days of the experiment. 


EXPERIMENTAL RESULTS 


The experiments showed that with daily administration of vitamin B, the gain in weight was greater, the 
greater the dose of riboflavin received by the animals, A gradual increase in the average gain in weight of the 
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animals was observed, beginning with the group receiving Sy and continuing to the group receiving 20y of vita- 
min B, daily. On Increasing the dose of vitamin B, to 25y, no further gain in weight was observed. By mathe- 
matical treatment of the results it was found that the difference in the gain in weight was significant (t > 3) be- 
tween the groups receiving vitamin By in doses of 20 and Sy, 20 and 10y, and 5 and 10y a day ineach experi- 
ment. The results of the experiments are shown in Figures 1 and 2 


Gain in weight (in grams) 


0 , 
Groups / 
Doses of 10 20 Zs Average 20 per day 
Once a week 


Fig. 1. Individual and mean gain in body weight of rats 

(in g) during the 90 days of the first experiment. The dots 
represent results pertaining to individual animals, the col- 
umns — mean values for each group. 


Thus, the gain in weight may be related to the amount of vitamin B, ingested by the animal. In the group 
of animals receiving vitamin B, at weekly intervals (group V, receiving an average daily dose of 20y), the gain 
in weight was smalier than in group III, receiving the same dose of riboflavin daliy (the difference between the 
gains in weight of these groups is statistically significant), and was equal to the gain in weight of the animals in 
group I, receiving a dose one fourth as large. 


Gain in weight (in grams) 


Groups / a 
Doses of vi- § 10 20 25 Average 20 per day 
pais B; 

ny Daily Once every two weeks 


Fig. 2. Individual and mean gain in body weight of rats 
(in g) during the 90 days of the second experiment. Sym- 
bols as in Figure 1. 
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With administration of vitamin By at intervals of two weeks (group VI) the gain in weight was considcrably 
smaller (the difference was statistically significant) by comparison with that of the rats in group Ill, receiving 
the same dose of vitamin B, dally, and by comparison with animals in group I, receiving a dose one fourth as large 


every day (i.e., Sy). 

This relationship mentioned above was observed individually in each experiment, 

Similar results were obtained by other workers [3] in experimental studies of the vitamin C demand of ani- 
mals, and in our own earlicr experiments to study the vitamin By demand of animals (1] on periodic administra- 


tion, However, the activity of thiarnin was reduced only to one half by weckly intervals, and to one third by 
intervals of two weeks between the administration, compared with daily intake, 


This is evidently due to the fact that the tssues have less ability to hold surplus riboflavin than surplus 
thiamin, 


Thus, the action of vitamin B, administered periodically is shown to be considerably less effective than 
when administered daily, This shows that the body evidently possesses insignificant powers of storage of vitamin 


By. 
The results obtained justify advising the systematic administration of vitamin B, in practice, 


As an illustration, in the table are shown the collective results of the mathematical treatment of the gain 
in weight of the animals in Experiments I and 1. 


Change in the Weight of Various Groups of Animals 90 Days After the Commencement of the Experiment 


Group | Conven-|Perfodicity of administration | Number} Minimum and | Change in weight | Difference in gain 
and doses of vitamin B,in y | of ani- | maximum Mem in weight* between 
I My Daily 5 34 95-248 146.325.9 Mg5-M, = 7.9 
Mg 10 35 128-250 177.924.7 M = 4.2 
ll My 20 34 151-267 205.124.4 Mg~Mg = 0.9 
IV My ° 25 35 151-245 199.124.9 Mg~Mg = 7.8 
Vv Mg Once a week Average 20 34 105-227 153.035.0 = 12.4 
per day 
Vi Mg Once every Average 20 35 67-210 119.125.3 Mg-M, = 0.9 
two weeks per day 
My~Mg = 3.4 
= 4.2 
Mg-Mg = 4.7 
M,— M, 
* t was calculated by the formula: == «t. 
V m, +m, 
SUMMARY 


This experiment took 90 days and was performed on rats. It was established that when vitamin B, Is intro- 
duced with the interval of one week in the dose of 20y per day, its action is decreased by four times in compari- 
son with that when the vitamin is given daily. If the interval between the feedings equaled 2 weeks the action 
of vitamin B, decreased even more. Increase in weight was taken as a criterion of vitamin B, activity. 


The above data allow us to recommend systematic administration of vitamin By 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 


THE CONSEQUENCES OF LONGITUDINAL DIVISION OF THE 
LUMBAR SPINAL CORD IN PUPPIES 


S.N. Ivanova 


From the Physiological Laboratory (Chief — Corresponding Member Acad. Sci, USSR 
E.A. Asratian) Acad. Sci, USSR, Moscow 


(Received Septernber 13, 1957. Presented by Active Member Acad. Med. Sci. USSR V.V. Parin) 


Studies of the immediate and long-term consequences of longitudinal division of the spinal cord have been 
conducted en birds, frogs, cats and adult dogs [4}. 


These studies have shown that longitudinal division of the spinal cord in the region of the lumbo-sacral 
segments, in both birds and adult dogs, results in severe permanent disturbances of standing and locemotion. 
Some restoration occurred if the division of the spinal cord was only partial in the region of the lumbar segments 
(6, 7] or if a “bridge* was preserved between the two halves of the spinal cord [4]. 


The aim of the present investigation was to determine the character of the standing and locomotor disturb- 
ances produced by longitudinal section of the spinal cord and the possibility of a restoration of function if the di- 
vision was performed in sufficiently youthful puppies, 


EXPERIMENTAL METHOD 


The experiments were conducted on puppies aged 1'4, 2 and 244 months, Altogether 20 puppies were used, 
The spinal cords were divided longitudinally from the dorsal side, the scalpel being drawn exactly in the mid- 
line, The immediate and remote consequences of the division of the spinal cord were observed by means of sys- 
tematic observations of how the animals moved, their characteristic poses were photographed, their gaits recorded 
(ichnograms), the threshold of the bending reflex was found by means of induction currents, registration of re- 
sponses to such mechanical stimuli as pinching and clipping, as well as thermic and pain simul of the extemi- 
ties was performed and in addition the muscle tonus of the extremities was determined. The conditions of sur- 
gery and postoperative care were the same for all the animals, 


EXPERIMENTAL RESULTS 


When the spinal cord Was divided from the level of lumbar I down to the caudal termination of the spinal 
cord, there were immediate pronounced disturbances in the functions of the posterior limbs: the puppies were 
unable to walk or stand, The rear limbs could not be moved. The slightest touch to any portion of the body 
evoked a definite pain response in the form of a squeal. Mechanical and electrical stimulation of the posterior 
extremities also evoked a pain response even though the movement responses were very feebie, 


Three-four days after the operation the puppies could sit, resting against widely spread fore paws. The 
pain reaction to mechanical and electrical stimulation of the extremities was much weaker and marked only by 
a passive flexion and extension of the knee joint. The threshold of the flexion reflex in the posterior extremities 
stimulated with an induction current was elevated by 3-4 cm as compared with the preoperative period.* With- 


*The thresholds were measured with the aid of a Du Bois-Reymond inductorium (in centimeters of distance be- 
tween the primary and secondary coils). 
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in 34-2 weeks after the operation the puppies became able to move again on their fore paws; the rear exuemi- 
2 i PUPP 
tics remaining between the anterigr, Were somewhat stretched out and directed forward, 


About 18 to 25 days following the operation, there could be observed a marked rise in the muscle tonus 
of all the extremities. In the older puppies, those in the 2 and 24% month group, at this time there began the de- 
velopment of an extension of the rear limbs and an increased pain response to passive movement of the knee 
joint. Still later tie extension spasir became so great that the posterior extremities tended to remain constantly 
in a state of extension as a result of which the puppies were unable to stand or walk, ; 


Puppy No, 8 after longitudinal division of the spinal cord at the level of the lumbar 
thickening (beginning from Lumbar I down to the caudal tip) on the Sth day (a), on 
the 22n¢ day (b), after 2 months (c) and after 10 months (d) postoperatively. 


A similar operation in the nine dogs aged 144 months produced disturbances of a somewhat different char- 
acter. These animals had only a transient, mild pain response to passive movements at the knee and there was 
no evidence of a severe extensor spasm of the posterior extremities, Muscle tone in these puppies increased 
only when they attempted to walk on all four extremities. Thirty to forty days post-operatively these puppies 
were able to walk and run quite well, It is wue that their gait was rather different from the normal as they 
tended to drag their posterior extremities somewhat and did not rest on their toes but on the entire foot up to 
the ankle joint {see illustrations a, b, c, d). In addition, these puppies had diminished sensitivity of the posterior 
portion of the body and the rear extremities to thermal, pain and electrical stimuli,this being true of the proprio- 
ceptive sensitivity also particularly in the distal portion of the posterior extremities, 


Two puppies of this group continued under observation for 10 months after the restoration of the standing 
and locomotor functions. By that time these puppies were adult animals weighing 9-11 kg. The‘extent of func- 
tional restoration, both motor and sensory, was the same as it had been 1-1'4 months postoperatively. All this 
time the muscular tonus of these two dogs exceeded the normal tonus of intact animals 14 to 2 times over. 


When a “bridge” was left in two puppies at the lumbar level (L, and L, segments being left intact), there 
were no serious functional disturbances to be observed, Three to four days postoperatively these puppies could 
move quite rapidly with tie aid of their anterior extremities and could eat standing on the posterior limbs. By 
the 10th or llth day they were walkircg on all their limbs. By the end of three weeks there was almost full com- 
pensation of the standing and locomotor reflexes. 
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Our data seem to indicate dat, differing from the adult dogs (4), 14, month old puppics can compensate 
for total lougitudinal wansection of the spinal cord at tie lumbo-sacral level attaining complete restoration of 


the disturbed standing and locomotor functions of the posterior extremities, 


SUMMARY 
The results of longitudinal division of the spinal cord at the level of the lumbar and sacral segments were 
investigated in puppies aged 1.5 to 2.5 months in a long-term experiment. Considerable disturbances in the 
hind legs were noted immediately after the operation, The puppies could not stand or walk. 
The functions of standing and walking were not reestablished in puppics operated on at the age of two and 
two-and-a-half months, When the puppies were operated on at the age of one-and-a-half months — recovery 
took place in 30 to 40 days after the operation, 
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DISTURBANCES AND RESTORATION OF FUNCTION IN THE HIND LEGS 
OF PUPPIES FOLLOWING DEAFFERENTATION 


V.N. Drozdova 


From the Physiological Laboratory (Director ~ Corresponding Member Acad. Med. Sci. USSR 
E.A. Asratian) Acad. Med. Sci, USSR, Moscow 


(Received April 13, 1957. Presented by Active Member Acad, Med, Sci. USSR V.V. Parin) 


Investigations of the disturbances and restoration of function following deafferentiation of the extremities 
in various animals have demonstrated that in frogs a sectioning of the posterior roots will not affect materially 
the motor functions [6). Approximately the same picture is seen in birds with deafferentated extremities (5, 8). 
The situation is quite different in mammals where deafferentation of the extremities leads to profound motor 
disturbances [1, 4, 6, 7). 


E.A. Asratian [1] and his co-workers (2,3) have shown that surgical damage to intracentral pathways of 
the nervous system in young animals produces a lesser disturbance which is more rapidly compensated than is 
the case with adult animals. An invescigation of deafferentation from the aspect of evolutionary alterations 
coincidental with the age factor has not as yet been the object of an experimental study, 


EXPERIMENTAL METHOD AND RESULTS 


Twenty-two puppies ages two to four months were studied, In all of them the left rear limb was deaffer- 
entated, The surgical procedure consisied of severance of the posterior nerve roots and extirpation of the spi- 
nal nerve ganglia, Such an interference invariably led to disturbances of the standing and locomotor functions 
and sensations as well as some temperature alterations of the extremity. The depth and extent of the upset de- 
pended on the number of roots which were cut when the deafferentation was performed, 


In the first group of nine puppies the trauma was relatively light as only 3-4 posterior roots were severed \ 
(from Lg to Ly or S;). From the very first postoperative day all the animals exhibited hypotonus of the muscles 
in the deafferentated extremity as well as an absence of reflexes with mechanical, thermal and electrical 
stimulation, 


However, the general condition of the puppies remained good. By the 3rd to 4th postoperative day they 
usually were able to rise and walk independently on three extremities. At times in walking they would use the 
deafferentated limb,although it would barely touch the ground,and they would most frequently lean on the rear 
surface of the foot. The entire weight of the body would be distributed among the three intact limbs, 


By the Sth-12th day in seven of the puppies there was the presence of a pain response and an absence of 
movement upon mechanical and thermal stimulation of the altered extremity. The response to the stimulus 
was experssed by the puppy’s becoming upset, the limb was not moved but the animal became restless and whined, 


The skin temperature of the deafferentatedlimb did not alter markedly. With time, the disturbed func- 
tons tended to become restored to normal By the 8th-12th day the reflexes tended to reappear in the altered 
extremity. This group of animals seemed to maintain the general reaction to pain in the affected limb, no 
matter if the stimulus was mechanical, thermal] or electric, even after reflexes had rewrned and the puppies be- 
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gaa to move around, The most complete restoration of standing 

and walking with the use of the operatedextremity occured in 

the puppies after 144-2 months. By that time the muscle tone , 
in the posterior extremities tended to rise and the animals " 
moved about freely, resting their weight upon the affected limb 
and moving it about in almost complete coordination with the : 
others, 


In a second group of nine puppies in whom 5-6 posterior 
roots were severed (from ly down to S, or S;) the functions of od 
the affected limb showed much more damage than was seen in 
the first group. For the first 5-7 days the puppies were unable 
to tolerate sitting in the box,crawling on their fore -limbs, aided 


y th d 
Fig. 1. Puppy Bolchok 3 days after de- t and dragging the deafferentated 
afferentation of the left rear extremity, F 


Hypotonia could be observed and an absence of reflexes 
in the affected extremity when either it or other parts of the 
body were stimulated. Also a slight mse in the skin temperature could be obscrved. In all the puppies of this 
‘ and the preceding group, for the first 3-8 days postoperatively, there was seen the presence of a pain response 
“g and an absence of any movement when the deafferentated limb was stimulated mechanically, electrically or 
4 thermically, these stimuli being, at first, very strong and then of average strength (the puppies whined and were 
4 restless but did not move the limb), The same general response developed when the deafferentated limb was 
stimulated after the reflexes had returned, 


d By the 9th to 20th day the puppies began to stand and move around resting their weighton three limbs. The rie 

affected limb remained either bent or lowered and extended backward so that the puppy leaned slightly on its \ 
rear side. The body weight was distributed among the three intact limbs, this fact being registered electric- 
a ally (Figure 2a and b). The restoration of standing and locomotion in the puppies of this group as well as sensa- 

4 tion in the affected limb was a much slower and far more incomplete process than it was for the preceding 

group. Only by the 10th to 22nd day did reflex activity return to the deafferentated limb. By the 20th to 25th 
day the puppies began to stand and walk on ali four extremities although even then the movements of the dam- 
aged extremity were of a swinging and uncoordinated nature (Figure 3a and b). 


At times, while walking, the puppies would elevate the deafferentated limb and hold it up for 1-2 minutes 
after which they would lower it. This poor coordination in walking lasted for a long time. The locomotor 
function did not reach a stable level until 244-3 months following the operation, 


By that time the awkward and ataxic movements had disappeared and the puppies walked briskly and freely, 
the affected extremity being used with almost complete restoration of coordination, However, even after 3-4 
months there was still some residual ataxia in their gait. 


Inthe third group of four puppies there were sectioned 7-8 posterior roots (from L, to S, or S,), the disturb- 
ance in the function of the deafferentated limb being much as in the preceding group. Usually, up to the 4th to 
10th days there would be observed a general reaction to mechanical, thermal or electrical stimulation of the af- 
fected limb. Thus, pinching, jabbing, thermal irritation (test wbe with water at 80°C) and induction shock of 
varying intensity would stimulate the puppy so that it became irritable and whined but the paw was not withdrawn. 


Up to the 7th-10th day the puppies would notrise but sat in their boxes. There was observed a hypotonia 
and an areflexia of the deafferentated extremity as well as a lowered response to mechanical, electric and ther- 
mal stimuli. On the &th-10th day the puppies began to elevate themselves and stand on the three sound limbs, 
the deafferentated extremity being most often held elevated and fixed in the flexed position, Stimulation of 
the deafferentated limb at this time produced a local and a general response, the animal jerking its paw away 
and whining. This reaction continued even after the puppy was walking well. By the 15th-20th day the puppies 
could stand on all four extremities although they still limped when walking. The entire body weight was borne 
by the diree sound limbs. Maximal motor restoration and return of sensitivity occurred in these animals after 
. 3-4 months, By that time, even though the animals walked well and could run on all four extremities, there was 
; ’ some ataxial residue in the deafferentated extremity. This was most noticeable when the animal was mnning. 
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Fig. 2. Body weight distribution on each of the limbs of puppy Cher- 
nushka (a) before and (b) after partial deafferentation of the left rear 
extremity. 0) Base line; 1) left rear; 2) left fore; 3) right fore; 4) 

right rear extremity. 


The data presented show that deafferentation of a rear extremity in a puppy just as in adult dogs produces 
profound motor and sensory disturbances in that limb; this being quite different from the effects produced by in- 
terference with the interocentral pathways (1, 4, 6}. 


‘ 


b 


Fig. 3. Ichnogram of puppy Chernushka before deafferentation (a) and 144 months after de- 
afferentation (b): &) right fore; @) right rear; ©) left fore; @) left rear extremity. 


As far as our interesting observation goes in regard to the presence of a pain reaction in the absence of a 
movement response, we ate unabie to advance a sensible explanation without doing some further special studies. 
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SUMMARY 
Long-term experiments were performed on puppies, aged 2-4 months, in which the left hind leg was deaf- 


ferentated. 


This operation was performed by the section of the posterior roots and extirpation of the spinal ganglia. 
The number of roots which were divided varied from 3 to 8. It was established that deafferentation caused deep 
disturbances of the locomotor function and sensitivity of the deafferentated extremity both in puppies and in 
adult dogs. This differed from manifestations caused by affection of the interocentral paths, 
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It has been shown recently that in the development of a certain stage of hypertensive disease the formation 
of renin by the kidneys plays an important part (5, 7,8). The majority of workers think that renin by itself has 
not the power to alter vascular tone and only by its interaction with the a -globulin fractions of the serum pro- 
teins is the active vasoconstrictor hypertensin formed, which acts by the humoral route (6, 9}. 


However, during recent years facts have been brought to light showing that in the mechanism of the pres- 
4 sor action of renin a nervous factor (1,3, 4] is important in addition to the humoral action, In particular, O.S. 
= Mcrkulova and M.la. Ratner [3], using a method of perfusion of internal organs isolated from the vascular sys~- 
tem, showed that renin is a sufficiently strong stimulator of the chemoreceptors of the kidney and small intestine, 


| 
i. FURTHER STUDY OF THE REFLEX ACTION OF RENIN ON THE BODY 


The object of the present investigation was the further study of the special features of the action of renin 
on the receptors of internal organs. In particular it was necessary to ascertain whether the excitability of the 
chemoreceptors to such substances as nicotine was affected by renin, In addition, in a series of experiment an 
attempt was made to explain the role of the interoceptors in the mechanism of production of tachyphylaxis, 


In acute experiments on cats under urethane or urethane -chloralose anesthesia, a loop of small Intestine \ 
was perfused with Ringer-Locke solution. The pressure in the carotid artery and the respiration were recorded 
in the usual way. The test substances were injected into the perfusing fluid by means of a syringe. 


The renin used in the experiments was obtained by the method of lu.D, Vadkovskaia [2]. The renin was 
prepared from the kidneys of pigs or cats. The preparation was considered suitable if no ammonium sulfate 
could be found in it after completion of dialysis (barium chloride test) and if it had no local action on the ves- : 
sels. The latter was tested by recording the rate of flow of the perfusate. The renin was considered to be active 
enough if 1 ml of it, injected intravenously, resulted in prolonged (for 10-15 minutes) increase of the blood 
pressure by 30 to 40 mm of mercury. To avoid interaction of rerin with the protein fractions of the blood the 
preparation was injected into the perfusing fluid only after the perfused organ had bezn thoroughly washed free 
from blood, Altogether 68 experiments were made. 


EXPERIMENTAL METHOD | 


EXPERIMENTAL RESULTS 


In atl the experiments the injection of 0.5 to 2 ml of renin into the perfusing solution of the isolated in- 
testinal loop caused a clear rise in the blood pressure and, less commonly, changes in respiration, The degree 
of this reaction depended to some extent on the anesthesia. 
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4 Thus under urethane -chloralose anesthesia the injection of 1.5 ml of renin into the perfusing solution 

/ a caused an increase of blood pressure of 18 to 40 (most commonly 20) mm of mercury, while under urethane anes- 
thesia the same dose of renin raised the pressure by 10-12 min mercury. Under combined anaesthesia, respira- 


tion on injection of renin into the perfusing solution, was not altered in most cases,and only in a small number of 
: experiments Was it slowed, With urethane anesthesia injection of renin into the perfusing solution led in half the 
; cases to an increase in the rate and amplitude of respiration, 


4 Investigation of the effect of renin on the excitability of the chemoreceptors to nicotine. In experiments 


3 by O.S. Merkulova and M.la, Ratner (3) it was shown that as a result of the action of renin on the chemoreceptors 
: of the small intestine and kidneys their reaction to acetylcholine was modified. Injection of acetylcholine after 
. renin in all the experiments caused, in place of a brief rise in the blood pressure, a more prolonged pressor ef- 

E fect, continuing for 2 minutes and even longer. It remained unexplained whether the sensitivity of the receptors 

4 was changed by the action of renin only to acetylcholine or to other chemical stimulants also, For this reason 

4 we tested the action of nicotine on the chemoreceptors of a loop of small intestine before and after injection into : 


the perfusing solution of 2 to 4 portions of renin, 
Wy In the majority of experiments the action of any one concentration of nicotine was studied, but in some 


experiments both before and after the injection of renin, nicotine was injccted several times in increasing con- 
centrations (1 ml of solutions 1- 10* to 1- 10), With repeated injections of nicotine the interval between them : 


“4 was not less than 10 minutes, 


‘ Fig. 1. The effect of renin on the excitability of the chemoreceptors to nicotine. A) 
‘- 13 hours 10 minutes — injection into the perfusing solution of 1 ml of 1- 10™ nicotine; 
2 B) 13 hours 20 minutes — the same; C) 13 hours 30 minutes — injection into the per- 

en fusing solution of 1.5 ml of renin; D) 13 hours 35 minutes — injection into the perfus- 
ing solution of 1 ml of nicotine solution in a concentration of 1-10~, (Experiment 
i dated November 20, 1956.) The curves represent (from above downwards): respiration, 
heart rate, blood pressure, zero line, rate of perfusion in drops, record of stimulation, 
time marker (5 seconds). Note: In the kymogram of the experiment dated November 
zi 20, 1956 the wacing of the blood pressure follows that of the heart rate, 


In contrast to the results with acetylcholine [3], we were unable to observe any significant change in the 
excitability of the chemoreceptors to nicotine after administration of renin. The height of the pressor reflex on 
‘ injection of nicotine after renin was diminished in 16 out of 34 experiments in comparison with the original 
ee value of this reflex, However, this reduction, as a rule, was insignificant. 
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In 11 cases the height of the pressor reflex remained unchanged, and only in six experiments was a slight 
increase in the pressor effect observed. In the great majority of experiments the latent period of reflex reaction 
to nicotine and its duration suffered no change after the administration of renin (Figure 1). 


Investigation of the role of the chemoreceptors of the internal organs in the development of tachy phylaxis, 


Repeated injections of renin into the general circulation are known to cause the development of tachyphylaxis, 
expressed as a progressive diminution of the hypertensive reaction to each following injection of the drug, until 
it finally disappears, Since, in addition to its humoral effect, renin also has a reflex action, it might be sup- 
posed that tachyphylaxis is to some extent the result of change in the excitability of the interoceptors as a result 
of the frequent appearance of renin in the general circulation, 


In order to test this hypothesis experiments were set up in which renin was repeatedly injected into the per- 
fusing solution at short intervals of ime, 


In these experiments the renin used was prepared from the kidneys of both pigs and cats. Renin was in- 
jected 4 or S$ times in doses of 1.5 to 2 ml with intervals of 2 to 2, minutes between the injections, 


Irrespective of whether the renin used was prepared from pigs or cats, in all 26 experiments of this series 
the pressor reflex arising from injection of renin into the perfusing solution repeatedly and often in close succes- 
sion was unchanged (Figure 2). 


ya 


Fig. 2. Reflex action of renin injected repeatedly into the perfusing fluid of an iso- 
lated loop of intestine. A,B,C,D) Injection of renin into the perfusing solution in a 
dose of 1.5 ml; E) injection of 1.5 ml of inactivated rerin. Significance of the curves 
as in Figure 1, 


Simultaneously the effect of a state of tachyphylaxis on the interoceptive reflexes caused by injection of \ 
renin was investigated. For this purpose renin was injected into the perfusing solution in a volume of 1.5 ml be- 
fore and after repeated injections of this substance had been given in order to induce tachyphylaxis, 


The evperiments showed that the state of tachyphylaxis does not influence the reflex action of renin: in 
six experiments out of eight the pressor effect of introduction of renin into the perfusing fluid in a state of tachy- 
phylaxis was practically indistinguishable from the reflex caused before the induction of tachyphylaxis (Figure 3). 
Only in two cases did we observe an insignificant increase in the pressor reflex to injection of renin in the state 
of tachyphylaxis. 


The results of our experiments thus confirmed the possibility of reflex action of renin. This is supported 
also by the fact that, irrespective of the type of anesthesia, the latent period of the hypertensive reaction 
amounted to not more than 244 to 5 seconds, and the duration of the reaction usually varied in the neighborhood 
of 40 seconds, 


It is important to emphasize that the reflex changes in the blood pressure and respiration which we ob- 
served were due to the specific activity of the renin itself. This was confirmed by control] experiments in which 
injection into the perfusing solution of renin inactivated by boiling or by storage for a day at room temperature 
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did not produce any change in the blood pressure or respiration (Figure 2). 


In evaluating the results of the first series of experiments it must be remembered that repeated injections 
of nicotine into the perfusing solution in general reduce the excitability of the receptors to this drug. Evidently 
the diminution in the pressor reflex observed in some experiments was due in the first place to this fact and not 
to the specific action of renin, This view is supported by the fact that the duration of the pressor reaction to ni- 
cotine was not changed after the action of renin, in contrast to the results obtained by the use of acetylcholine (3}. 


Fig. 3. The reflex action of renin during a state of tachyphylaxis. A) 14 hours 15 min- 
utes ~ injection of 1.5 ml renin into the perfusing solution; B) 14 hours 20 minutes — 
injection of 1.5 ml renin iato the femoral vein; C) 14 hours 23 minutes — the same; 

D) 14 hours 26 minutes — the same; E) 14 hours 30 minutes — injection of 1.5 ml of 
renin into the perfusing solution. Significance of the curves as in Figure 1, 


We were unable to discover any manifestations of tachyphylaxis after the repeated action of renin on the 
receptors of the isolated loop of intestine. 


SUMMARY 

Acute experiments were performed on cats. The loop of the small intestine isolated with respect to the 
vessels was perfused by renin prepared from the kidneys of pigs or cats. It was established that renin, thus intro- 
duced, caused an increase of the blood pressure, 

Preliminary introduction of renin into the perfusate does not change the sensitivity of the chemoreceptors 
of the organ to nicotine, 

In difference to the administration of renin into the general circulation, numerous and frequent (with the 
intervals of 2 to 2.5 minutes) introductions of renin into the perfusate never caused tachyphylaxis, 
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In a previous report [2] it was shown that the resistance to erythrogenic toxin is increased 24 hours after the 
injection of 25,000 skin doses intravenously into rabbits reacting to 0,1 skin dose. Animals given a preliminary 
intravenous injection of 25,000 skin doses of this toxin survived a parenteral injection of a lethal dose whereas 
injection of such a dose into animals not given a preliminary injection of the toxin caused their death, 


The phenomenon of rapid increase in resistance has been produced by a number of workers in animal ex- 
periments by bacterial toxins, viruses and bacteria. However, the problem of specificity of the resistance devel- 
oping after injection of these agents has not yet been solved. 


Several workers (1,3, 6, 9] assert that resistance develops only to the homologous microorganism or toxin, 
i.e., is strictly specific. However, many other workers have shown that the resistance which develops immediate- 
ly after injection of bacterial and viral agents is nonspecific in character (4, 5, 7]. 


It should be mentioned that in order to ascertain the mechanism which is the basis of this rapidly develop- 
ing resistance it is imperative to explain the specificity of this phenomenon. We put forward the hypothesis [2) 
that the cause of the rapid increase in resistance after parenteral injection of viruses, bacteria, toxins and bac- 
terial antigens is mobilization of the mechanisms of physiological, natural immunity. However, in such a case 
the rapid increase of resistance must be nonspecific because the mechanisms of natural immunity are known not 
to possess specific properties. 


In order to ascertain the specificity of this phenomenon we performed cross experiments with erythrogenic 
and diphtheritic toxins, 


EXPERIMENTAL METHOD AND RESULTS 


For the experiment 26 rabbits were used which reacted in skin tests to Schick toxin and to 0.1 skin dose of 
erythrogenic toxin. An injection of 25,000 skin doses of erythrogeric toxin was given to 12 of these animals. 
Three hours later skin tests were made with 1, 4, 10, 20 and 40 skin doses of the same toxin. After 24 hours it 
was found that of the 12 rabbits, in seven the reaction was absent in 40 skin doses, one did not react to 20 skin 
doses and four did not react to 10 skin doses. An intravenous injection of 1 MLD of diphtheria toxin was given to 
all these animals 24 hours after receiving the 25,000 skin doses of erythrogenic toxin. 1 MLD of diphtheria toxin 
was also injected into all of the 14 control ammals which had nct received a preliminary injection of erythro- 
genic toxin, 
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Of the 12 animals receiving preliminary erythrogenic toxin, two died within 6 days of the injection of 1 
MLD of diphtheria toxin. In the control group 12 animals dicd within 6 days (Figure 1). 


A preliminary injection of erythrogenic toxin was thus shown to have a protective action against diphtherla 


toxin, 


In the next two experiments the protective action of diphtheria toxin against erythrogenic toxin was tested, 


Each experiment made use of six rabbits, In addition, there was one control group of four rabbits and an- 
other of five rabbits, All the experimental animals received 1/20 MLD of diphtheria toxin, followed 24 hours 


later by an injection of 1 MLD of erythrogenic toxin, The control animals received 1 MLD of erythrogenic toxin 


only. 


In these experiments the diphtheria toxin showed no protective action against erythrogenic toxin; 9 of the 
12 experimental animals died, and 7 out of 9 in the control group died, 


Experiment Control 
25,000 skin 1 MLD of 1 MLD 


doses of 
erythrogenic 
toxin 


diphtheria 
toxin 


of diphtheria toxi 


© Died 


Fig.1. Survival of rabbits after injection of 1 MLD 
of diphtheria toxin 2 hours after a preliminary in- 
jection of 25,000 skin doses of erythrogenic toxin, 


© Survived 


Experiment Conwol 


17/20 MLD 1 MLD of 1 MLD 
of diph- erythrogen-| of erythrogenic toxin 
theria ic toxin 


foxin 


@ Died 


Fig. 2. Survival of rabbits after injection of 1 MLD 
of erythrogenic toxin 3 days after preliminary in- 
jection of 1/20 MLD of diphtheria toxin. 


O survived 


Thus, 24 hours after injection of 1/20 MLD of 
diphtheria toxin the resistance to erythrogenic toxin 
was not increased, 


In the next serics of experiments the resistance 
of the animals was tested te erythrogenic toxin at a 
longer interval after injection of diphtheria toxin, 


In two experiment 13 animals were injected 
with 1/20 MLD of diphtheria toxin and, three days 
later, with 1 MLD. Nine control animals were also 
injected with 1 MLD of erythrogenic toxin, 


Of the 13 animals which were given diphtheria 
toxin three days before the injection of erythrogenic 
toxin, four rabbits died. In the control group all nine 
rabbits died, 


Thus three days after injection of 1/20 MLD of 
diphtheria toxin an increased resistance to erythro- 
genic toxin was found (Figure 2). 


It is interesting to note that the resistance of 
rabbits to diphtheria toxin was not increased in the 
case where 1 MLD of this toxin was injected 24 hours 
after the injection of 1/29 MLD of this same toxin, 
nor three days after: all the animals — contro] and 
experimental — died at the same time, In all prob- 
ability the preliminary dose of toxin injected was too 
large. 


The possibility is not excluded that the resist~- 
ance might have been raised if the preliminary dose 
of toxin injected had been somewhat smaller. This 
problem calls for special study. 


Thus, after injecting rabbits with 25,000 skin doses of erythrogenic toxin their resistance is raised not only 
to erythrogenic but also to diphtheria toxin. This was shown by testing animals 24 hours after injecting them 
with the first dose of toxin. Three days after injecting the animals with 1/20 MLD of diphtheria toxin theis re- 
sistance to erythrogenic toxin was raised. On injection of 1 MLD of diphtheria toxin after 24 hours all the ani- 


mals died, 


Thus, the increase in resistance found during the first few days after parenteral injection of diphtheria and 


erythrogenic toxins is nonspecific. 


The experiments carried out suggest the presence of common mechanisms of natural immunity as playing 
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a part in toxemias due to both erythrogenic and diphtheria toxins, 


Such a mechanism, as was shown in the previous report [2] of a stucy of erythrogenic toxin, is evidently 
an increase in the adrenalin content of the blood, Intensification by this means of the reactivity of the sympa- 
thetic system prevents a fall in blood pressure and the onset of collapse, as a result of which animals die in tox- 
emia, 


The fact that certain workers in some experiments observed cross protection and in others did not, when 
producing this phenomenon with different viruses, bacteria or toxins, may evidently be explained as follows. In 
cases where in order to produce this phenomenon agents were used against which there are common mechanisms 
of physiological immunity, as occurred in our experiments with erythrogenic and diphtheria toxins, cross protec- 
tlon may take place, In those cases where the mechanisms of physiological immunity against the test agents are 
different, evidently the resistance is increased only to the homologous agent. It is necessary to study this ques- 
tion further in experiments using different infecting microorganisms and toxins, 

SUMMARY 


It was demonstrated by experiments on rabbits than in 24 hours after the administration of erythrogenic or 
diphtheric toxin there {s an increase of the nonspecific resistance to each of these toxins, Resistance which de- 
ve lops after the administration of erythrogenic toxin is connected with increased reactivity of the sympathetic 
system, This is shown by the rise of the blood adrenalin level The latter prevents the development of collapse 
due to which the animals die during intoxication. This mechanism of physiological immunity is, evidently, the 
same in development of resistance to both toxins, 
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Dysentery produces prolonged and diverse functional alterations of the gastrointestinal tract, particularly of 
the stomach (3, 6, 8] with pronounced morphok gical changes [11] which have a great influence upon the course 


of the disease, 


The goal of the present investigation was an examination of the alterations produced experimentally in the 
gastric functions of dogs when both the large and small intestines are subjected to long-term irritation with the 
complete antigencf the Flexner bacillus, Moreover, we wished to clarify the mechanism of these changes, 


It is known that when dysentery bacilli of their antigens are introduced into dogs or puppies functional dis- 
turbances occur in the animals {1} as well as separate elements of the dysenteric process (5, 12, 13, 14, 15]. K.M. 
Bykov and V.N. Chernigovskii applied the exotoxin of the Grigor’eva Shiga bacilli or the Flexner endotoxin to 
the interoce ptors of dog small intestine and produced a prolonged, if slight, rise in the biood pressure and also a 
dee pening and increased rate of respiration. In view of the results obtained by these workers we also employed 
dogs as our experimental animals, 


EXPERIMENTAL METHOD 


The studies were conducted on 21 dogs with Basov fistulae and intestinal loops isolated by the Pavlov or 
Thiry-Vella method; two dogs had a Pavlov pouch, and three had Klementsevich-Heidenhain pouches in addi- 
tion to an isolated intestinal loop. The experiments were all long-term in type. Throughout the study the gen- 
eral condition of the dogs was noted and their blood picture examined, The experiments were begun while the 
gastric glands were in a state of “rest.” Gastric secretion in the dogs was stimulated by means of sham feedings 
lasting 10 minutes, so that the animals with the Pavlov or Heidenhain pouches swallowed 100-200 g of meat. 
The functions of the stomach were studied for secretory activity (amount and acidity of gastric juice), excretory 
activity (urea in the gastric juice and chromatoscopic findings) and motor activity (rate of passage from stomach 
to intestine of a 2% solution of starch), 


EXPERIMENTAL RESULTS 


After recording the normal gaswic activity in the experimental animals, we introduced the antigen of the 
Flexner bacillus into the isolated intestinal segments. In some of the experiments we used antigen tagged with 
radioactive phosphorus according to the method of M.Ia. Korn. 
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Either immediately at the conclusion of the sham feeding or 1-2 minutes before its conclusion, we intro- 
f 4 duced into the segment of the intestine isolated by the Pavlov method a solutionof the complete antigen and the 
fistula was then closed with a plug. While the condition and behavior of the animals remained within normal 

4 Umits, the gastric functions became altered: there was observed a moderate hyposecretion with decreased acid- 
x. ity, a rise in urea concentration in the gastric juice, a slowing of the removal of neutral red and a delay in evac- a 
uation, The indicated functions were restored at varying time intervals; the motor activity lagged behind the 
secretory -excretory. These findings agree with the material obtained by K.M. Loban [8) who studied dysenteric 
patients. A repetition of the antigen introduced 16-17 days later produced alterations In the general condition 
of the animals such as restlessness, vomiting, temperature elevation, some leucocytosis, etc., as well as more 
a pronounced and prolonged gastric functional disturbances in the direction of hyposecretion, decrease of acidity, 
ee rise in urea concentration, slowing in the removal of neutral red and delay in evacuation, 


We conducted analogous experiments using proteus antigen and found that this neither altered the general 
state of the animals nor changed their gastric functions, Later, we attempted to analyze the individual elements 
7 of the upset gastric functions produced by the dysentery antigen applied to the intestinal mucosa since this prob- 
4 lem is still in dispute [4, 9, 10}. 
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Fig. 1. Quantity of gastric juice secreted by dog Damka after the isolated 2 
2 segment of the small intestine had been irrigated with Flexner antigen. tees 


The antigen in these experiments was permitted to remain in the isolated intestinal segments for an hour 
during which time it not only acted upon the receptor apparatus but also became absorbed partially. In order to 
exclude, as far as possible, any toxic effect of the antigen, the isolated intestinal segment with both its ends just 
under the skin was irrigated with antigen and then rinsed with physiological saline. This i:rigation did not affect 
the general state of the animals nor did it alter in any substantial manner the gastric functions (Figure 1). Repe- 
a tition of the irrigation was accompanied by persisting gastric juice hypersecretion (Figure 1 — right side of graph) 
lasting for 37 days; acidity fluctuations at the upper limits of normal and often exceeding them. The concentra- 
tion of the urea was within normal limits while gastric emptying of starch solution was hastened. Thus, the anti- 
gen irrigation of the small intestinal segment produced irritation of nerve receptors and was accompanied by dis- 
turbances of gastric functions; the character of these disturbances was different from those produced by the anti- 
gen when it was introduced for one hour and had the opportunity to become absorbed. 


Analogous experimenis were conducted on dogs with isolated loops of the large intestine. When the bac- 
terial antigen was placed into this loop for an hour, there was no visible change in the normal behavior of the 
animals even though the gastric functions underwent a few alterations (rise in urea wcaccnuation of the gastric 
juice, more rapid evacuation, etc.). The second and third introductions of the antigen (after 11-15-70-80 days) 
was accompanied by rise of the body temperatures of the animals, great restlessness and retci.ing movements. 

The amount of 3-hour gastric secretion reached 25-40 ml while before the antigen had been introduced It totaled 
75-100 mL The free and combined hydrochloric acidity diminished sharply; the speed of removal of neutral red 
decreased; the urea concentration of the gastric juice remained elevated (Figure 2) and returned to base levels 

only occasionally. These deviations were observed to persist for the 60-78 days of observation without a tendency 
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Days after introduction 


Urea concentration in 
itroduction 


Fig. 2. Urea concentration in the gastric juice of dog Belka after Flexner antigen had been in- 
troduced Into an isolated segment of the large intestine. 


to normalization. Our experimental material has clinical confirmation [6, 8). 


6 Introduction of the antigen into the isolated segments of the large and small intestines did not always pro- 
—— duce identical disturbances in gastric function; this is understandable if one stops to consider the peculiarities 
= of the anatomic structure and innervation of the different portions of the gastrointestinal tract. 


One must note that irrigation with dysentery antigen of the isolated segments of the large intestine did not 
affect the behavior of the animals but did result in some alterations of gastric activity; the second and third ir- 
rigation with antigen (after 22-60 days) led to analogous but more pronounced and prolonged gastric functional 
disturbances: there was hypersecretion of gastric juice (Figure 3), moderate increase in acidity, slowed removal 
of neutral red; urea concentration on some days exceeded base levels. Gastric motor activity was unchanged 
on some days but, more frequently, it would slow from 20-30 to 40-60 minutes. 


Amount in ml of gastic secretion 


Days after isrigation 


intestine had been irrigated with Flexner antigen, 


When dysentery antigen was used to irrigate isolated intestina' segments, i.e., stimulate the first link of 
the reflex arc from the receptor field, gastric function was disturbed, this being taken as proof of the reflex na- 
ture of these disturbances. This hypothesis was supported by us in experiments in which we employed tagged an- 
tigen (activity of 643-780 impulsés per minute) in the irrigation of isolated intestinal loops. During the entire 
time of irrigation and for the next 48 hours the use of counter B failed to show any trace of the antigen in the 
blocd. We must suppose, then, that the observed alterations were reflex in nature. When, however, the antigen 


. | Fig. 3. Quantity of gastric secretion in dog Naida after an isolated segment of the large 
| was allowed to stay within the loop for an hour, there was not only reflex irritation but also some absorption, 
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Therefore, the gastric disturbances were not analogous since there had been absorbtion of the antigen and the 
gastric alterations were no longer purely reflex in nature, 


To clarify the role of the receptor apparatus in the transmission to the stomach of intestinal impulses, we 
irrigated the Isolated loops with a 2% novocain solution before introducing the antigen. In these cases we also 
obtained disturbances of gastric function but differing somewhat from those seen in animals having an intact 
receptor field. Functional gastric disturbances occurring in dogs whose intestinal mucosa had been anesthesized 
to exclude receptors prove that the mechanism of transmission includes other than purely nervous paths, 


To rule out the vagus nerve in the transmission of interoceptive impulses, we performed experiments on 
dogs having {solated Heldenhain pouches, After a series of control studies had established the chemical compo- 
sition of the gastric juice, we irrigated Isolated intestinal loops with solutions of the total antigen, this being 
accompanied by hypersecretion, rise in gastric acidity and rise of urea concentration. Repetition of antigen in- 
troduction caused analogous functional disturbances of the stomach, When we compared the gastric disturbances 
produced after antigen introduction into {solated loop segments of the intestine of dogs with intact and excluded 
vagi, it became quite evident that dogs with undisturbed gastric innervations returned to normal much more 
quickly than dogs with Heldenhain pouches, Besides, the character of the disturbances is different: in dogs with 
an intact innervation, introduction of the antigen led to hyposecretion and decrease in acidity while in dogs with 
excluded vagi there was hypersecretion and hyperacidity; the gastric urea level rose in both groups, 


We believe that in dogs with Heidenhain pouches the sympathetic innervation is preserved and that gastric 
functional disturbances after dysentery antigen introduction are due to the sympathetic stimulation of the supra- 
renals and the hypophysts (pituitrin), etc, Thus, the transmission of interoceptive stimull from the intestine to 
the stomach takes the reflex pathway with the ald of humoral factors, 

SUMMARY 


Pronounced and prolonged disfunction of the stomach results from the introduction of the dysentery bacillus 
antigen into isolated (by Pavlov's method) portions of the small and large intestine. This is due to the fact that 
the antigen not only stimulates the nervous apparatus of the intestine, but is also absorbed. Irrigation of isolated 
portions of the intestine by the Thiry-Vella method, which prevents absorption of the antigen (this was proved by 
experiments with labeled antigen) is also associated with disturbed function of the stomach, which, however, dif- 
fers qualitatively. It was demonstrated on animals deprived of parasympathetic innervation of the stomach that 
the function is disturbed when the antigen is introduced into the {isolated portions of intestines, This shows that 
the sympathetic innervation of the stomach and certain humoral factors take part in the influence of the intestine 
on the gastric function, Therefore, both the neuroflex mechanism and the humoral factors participate in intero- 
ceptive transmission from the intestine to the stomach, 
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Experimental investigations devoted to a study of the role played by disturbances of the functional state of 
the central nervous system in the treatment of infections by antibiotics are still rather few [5, 8}. 


The present communication is devoted to a comparison and an analysis of the results of penicillin therapy 
of staphyococcic infections produced experimentally in normal animals and in animals with experimental neu- 


roses, 


EXPERIMENTAL METHOD 


The experiments were conducted on 48 white male rats weighing 100-115 g. All the animals developed 
conditioned reflexes after the food-shock technique of LI. Kotilarevskil, 


All the animals developed stable stereotypes of the conditioned reflexes (two positive reflex responses to 
sound and light stimuli and a differentiation to a sound of another strength) and were then divided into four 
groups of 12 rats each, 

Inflammation was produced by introducing into the muscle of the right rear foot pad a 20-hour culture of 


Staphylococcus aureus (strain No. 75) in a dose of about 2 billion microbes per 200 g weight of animal. The 
animals of the first group were not injected, 


Animals of the second group began receiving penicillin four hours after being infected. The sodium salt 
of penicillin, dissolved in a 1% solution of pyramidon, was injected into the muscle of the left rear foot pad 
moming and night for three days, Each dose consisted of 40,000 units so that the total of each course was 200,000° 


units of the antibiotic. 


In animals of the third group the activity of the higher nervous system was severely disrupted. The rats 
were placed in a special chamber with a floor of metal sheeting. In this chamber the feeding apparatus was set 
up as in the LJ. Kotliarevskii chamber. At the time of the conditioned stimulus, when the animal would run to 
the feeder, it would receive a 30-volt shock. 


In each experiment there were 5-6 such combinations. At the same time each day the stereotype of the 
conditioned reflexes was checked. The inflammation in this group of rats was produced after the damage to the 
activity of the higher nervous system, The rats of the fourth group were infected at the same tme as the rats of 


* As in original — Publisher's note. 
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the third group, 


The therapy of the third and fourth groups was conducted using ekmonovotsillin,® the scheme of treatment 
being the same as with penicillin, 


The effectiveness of the penicillin therapy was judged by: alterations at the site of injecting the staphyl- 
ococcus (extent of inflammatory infiltration, extent of inflammatory contracture), by the general condition of 
the animals and by changes in the state of the conditioned reflex activity. In animals of the third and fourth 
groups before and during the course of the experimental therapy the phagocytic activity was tested repeatedly 
by the method of N.V. Puchkov and S.M. Titova. In addition, the blood penicillin concentration was followed 
(1 hour wurty minutes, 2 hours, 3 hours 30 minutes after commencing therapy). The animals were sacrificed 
12-42 days after being infected and after the experiments had been completed, 


All the animals were autopsied and both rear foot pads were studied microscopically, The histologic sec- 
dons were stained with hematoxylin-eosin, by the methods of Van Gieson and Gram-Weigert (for microbes in 
the tissues). 


Be ginning with the second day after inoculation, all the animals of the first group deve loped marked alter- 
ations in their conditioned reflex activity, a diffuse cortical inhibition setting in. In rare cases single conditioned 
reflexes remained, Later, there occurred a temporary and incomplete restoration of the conditioned reflexes 
with phasic manifestations (leveling and paradoxical phases), lengthening of the latent period and diminution in 
the vigor of the conditioned reflexes, For the 42 days of the study a full restoration of conditioned reflex activity 
was not cbserved, At the same time there was observed an alteration in the general state and behavior of the 
animals: dyspnea, loss of weight, and torpor. At the site of inoculation of the staphylococcus in the first days 
inflammatory swelling and infiltration was seen, The extremity swelled to 2-2, times its usual size, Later, 
abscesses formed. Asa rule, the abscess broke spontaneously 12-30 days after the injection of the staphylococcus, 
In rats sacrificed 12 days after the beginning of the experiment,pus focl demarcated from the surrounding tissues 
by a loose capsule of immature connective tissue were noted, In the tissues of the inflammatory foci, staphylo- 
coccic accumulations were noted, 


In rats of the second group (treated with penicillin),the general and loca] manifestations were much less 
evident. Two to three days after the inoculation there was observed only slight induration at the site of the in- 
jection. By the 12th day after inoculation, local indurations averaging 0.3 x 0.5 cm were found in only five of 
the twelve rats. In this period (6-12 days after the beginning of the experiment) all the animals normalized 
their conditioned reflex activity. In animals sacrificed on the 12th day of the experiment there was seen only 
residual inflammation in the form of a connective tissue scar which, in some instances, still contained a little 
pus. Examination of sections of these areas failed to reveal any staphylococci. 


In the rats of the third group, 4-7 days after beginning the use of electric shock, there occurred a complete 
disruption of higher nervous activity. A complete inhibition of all conditioned reflexes and a very considerable 
alteration in the behavior of the animals were observed. There was a sharp diminution in all reflexes naturally 
associated with eating, defense and posture. The animals were apathetic, sleepy and untidy. The rats lost much 
weight. The animals were infected 17 days after development of the described symptoms, A study of condi- 
tioned reflex activity showed that the introduction of the staphylococcus against a background of disruption of 
higher nervous activity (both in the treated and untreated animals) led to profound and long-continued inhibition 
not only of artificial but also natural conditioned reflexes, In all the animals, in spite of teatment with ekmono- 
votsillin, the clinical manifestations were very severe. Three rats died within the first day after inoculation. In 
all the animals the course of the disease was severe, The inflammatory swelling spread to the entire right rear 
extremity, the groin and the abdomen, and dystrophic manifestations such as loss of hair were noted. In the re- 
gion of the infection there was widespread tissue necrosis — something that was not observed in the first two 
groups. The majority of the animals developed staphylococcemia, 


In rats of the fourth group, not subjected to the preliminary disruption of higher nervous activity, teat- 
ment with ekmonovotsillin produced a rapid clearing of both the local and generalized manifestations of the 
staphylococcic infection. By the 6-8th day there was normalization of the higher nervous activity of these ani- 
mals. By this time, the survivors of the third group displayed severe nervous systern alterations. These animals 


* Transliteration of Russian — Publisher’: note. 
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were sacrificed 12 days after inoculation. 


Blood penicillin levels were adequate In the animals of the third and fourth groups: 3.84 units per ml 2 
hours after beginning weatment and 0.96 units per ml 3 hours after beginning of treatment. 


During therapy with ekmonovotsillin, the leucocytes of the rats in the fourth group displayed a marked rise 
in their phagocytic capacity. Rats with disruption of higher nervous activity had a depression of leucocytic ac- 
uvity. 


Therapy with ekmonovotsillin under such conditions failed to improve phagocytosis; the phagocytic activ- 
ity remained low in the period of therapy during the subsequent period of observation. 


The data obtained demonstrate that staphylococcic inflammation leads to definite depression of con- 
ditioned reflex activity, 


The results of our experiments correspond with the findings reported in the Iterature as to the state of ner- 
vous activity on the highest levels during staphylococcic intoxication [1, 2,4]. Early penicillin therapy leads to 
rapid clinical recovery with normalization of the higher nervous activity. It may be supposed that the success 
of the therapy depends not only on the direct effect of the penicillin upon the staphylococcus which Is sensitive 
to the antibiotic but also of the influence exerted by the antibiotic upon conditioned reflex activity. 


Our previous studies [6] had shown that penicillin injections in normal animals shortened the latent period 
of the conditioned reflexes and re-enforced the process of stimulation of the central nervous system. U.G. Gasa- 
nov [3] showed that injection of penicillin markedly improved the process of internal inhibition. 


The material presented above permits us to come to the conclusion that the effectiveness of the penicillin 
treatment of various foci of infection depends primarily on the state of the central nervous system. The weak ef- 
fect of penicillin therapy against a background of disruption of higher nervous activity may be presumed to be 
due to a lowering of the activity of the various defensive immunological mechanisms, the one studied by us be- 
ing phagocytosis. 

SUMMARY 


In experiments on rats, it was established that treatment of focal staphylococcal infection by penicillin 
brings about quick recovery and normalization of higher nervous activity if the latter had no additional disturb- 
ance, However, if function of the higher nervous activity was seriously disrupted penicillin therapy of staphylo- 
cocca! infection was almost ineffective. 

LITERATURE CITED 


(1) RK. Borukaev,"Influence of experimental staphylococcic intoxication and infection upon higher ner- 
vous activity of animals* Candidate's Dissertation (Moscow, 1954), 


(2] U.G. Gasanov,in the book: Transactions of the Second All-Union Conference on Antiblotics® (Moscow, 
1957). 


(3] LS. Gorsheleva, Zhur. Vysshei Nerv. DelateL section 3, 423-435 (1951). 


(4] LL. Kotliarevskil, in the book: Conference on Problems of Higher Nervous Activity® (Moscow-Lenin- 
grad, 1952), pp. 285-291. 


[5] M.N. Lebedeva, S.D. Voropaeva and M.A. Frolova, in the book: The 200th Jubilee of the Moscow 
Medical Institute* (Moscow, 1955), pp. 28-29. 


[6] V.S. Nevstrueva, in the book: Third Conference of the Young Sciendsts of the Institute of Normal and 
Pathological Physiology Acad. Med. Sci. USSR. Transactions* (Moscow, 1957), pp. 27-29. 


(7] N.V. Puchkov and S.M. Titova, Fiziol Zhur. SSSR 6, 756-757 (1952). 
{8} A.M. Chernukh, in the book: Antibiotics Experimental and Clinical Smdies* (Moscow, 1956), pp. 65-75. 


*In Russian. . 


452 


‘ 


HEMATOLOGICAL CHANGES FOLLOWING INFECTION OF ANIMALS 
WITH THE VIRUS OF EPIDEMIC INFLUENZA 


A.A. Korovin 


From the Department of Virology (Director — A.A. Smorodintsev, Corresponding Member 
Acad, Med, Sci, USSR), Institute of Experimental Medicine, Acad. Med, Sci, USSR, and the 
Chair of Propedeutic Therapeutics (Director — Associate Professor A.A. Korovin), 
Kishinev Medical Institute 


(Received September 29, 1956. Presented by S.V: Anichkov, Active Member Acad. Med. Sci. USSR) 


Of the animals susceptible to the virus of epidemic influenza, ferrets, piglets, and white mice are of the 
greatest practical value. Ferrets may very readily be infected by the nasal secretions of an influenza patient, 
whereas white mice are less susceptible to infection by this means; piglets only become susceptible to the virus 
of epidemic influenza after it has been passed through ferrets or white mice, 


We know of no papers dealing specifically with hematological changes taxing place in ferrets, piglets, 
and white mice following infection with influenza virus. R Shope's paper (1931), dealing with the etiology of 


swine influenza, presents hematological data for swine before and after infection with a mixture of filtrable 
virus and Hemophilus influenzae, 


In our present paper we present the results of an investigation into the hematclogical changes occurring 
in ferrets, white mice, and piglets following infection with a strain of epidemic influenza virus isolated in A.A. 
Smorodintsev*s laboratory,from victims of the influenza epidemic of 1936 (Type Agg strain, Leningrad). 


EXPERIMENTAL METHODS AND RESULTS 


Experiments with white mice. We used 53 white mice of the same age and weight. Of these, 19 served 
as controls, 19 were inoculated with H.influenzae,and 15 with epidemic influenza virus, 


The mice were inoculated under ether anesthesia, by intranasal instillation of infected material The 
first few blood samples were taken from the tail vein, It was not, however, always possible to withdraw suffi- 
cient blood from the vein by this means, moreover, the vein often became empty after two or three punctures; 
for these reasons we then resorted to collecting blood flowing from the tail after the tip had been cut off. From 


three to seven hematological examinations were performed for each animal, In all, we performed 256 hema- 
tological examinations, 


We determined the mean leucocyte count of blood withdrawn from the tail vein of mice of the control 
group, finding a value of 15,957, as compared with 13,$67 in blood obtained by cutting off the tip of the tail; 
the mean leucocyte count for the control group was thus 14,962 per mm’, 


We observed considerable variability in the leucocyte court of white mice. Other authors who have 


studied the hematology of mice found the same, and have recorded divergent mean values for the leucocyte 
count of white mice. 


We inoculated 19 mice with a culture of H. influenzae, The dose of culture was sublethal, but gave rise 
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to pronounced symptoms of the infection. Only one of the group of 19 infected mice died, 


The results of these experiments (mean values) are presented in Table 1, 


TABLE 1 


Mean Daily Leucocyte Counts of Mice Following Infection 
With Hemophilus Influenzae and Influenza Virus 


Day after Leucocyte count of mice : 
Inocula- | infected with| infected with | infected with 
dion H, influenzae} 1/100 of a about 1 MLD of 


MLD of influ-} influenza virus 
enza virus 


1st 10,897 16,561 
2nd 13,702 12,962 
3rd 13,915 10,149 
4th 17,847 11,653 
Sth 15,254 12,155 
6th 14,841 11,831 
7th 14,330 14,419 


It appears from the data of Tabie 1 that the leucocyte count of mice rises following inoculation with H, 
influenzae, reaching a maximum on the fourth day, 


Fifteen white mice were inoculated with influenza virus; seven were given 1/100 of an MLD of virus, 
and eight received about 1 MLD. One mouse of the first group died. Cf the eight mice given a dose of about . 
1 MLD, five died between the third and the seventh day after inoculation; autopsy revealed typical amicrobial 
consolidation of both lungs (no growth found on ineculating blood-agar with lung tissue), The mean values > 
found for the leucocyte counts of both groups of infected mice show a definite tendency towards leucopenia 
(see Table 1), 


Experiments with piglets, We used piglets weighing from 5 to 6 kg for our experiments. The leucocyte 
counts of individual uninfected animals varied widely (from 6490 to 9800; in one case 12,000, and in another 
30,000), but the values for each individual animal showed much less variation, Inoculations were performed 2S 
under ether anesthesia, by intranasal instillation (5 cc into each nostril) of a 10% homogenate of lung tissue of 
mice infected with Type A virus, Eight animals were treated in this way. We gave 1-2 instillations per diem 
(morning and evening). The total number of instillations amounted to 36 (from 1 to 7 instillations per animal), 
given at intervals of 12-24 hours, Blood samples were taken from ear veins, The body temperature of the ani- 4 
mals was measured at the time of blood sampling. The first symptoms of disease were observed two to four 
days after inoculation; the animals became inactive and refused food; their respiratory rate rose, they coughed 
and appeared to have sore throats. Their temperature rose to 41-42° (normal temperature 38,5°), 


The results of the hematological examinations are presented in Table 2 


In two cases the leucocyte count was unaffected (Table 2, Nos, 1 and 2) by inoculation with influenza 
virus; in’ two cases (Nos. 3 and 5) there was a transient and slight fall in leucocyte count; and in four cases - 
there was a definite leucocytosis (Nos, 4, 6, 7 and 8). 


We compared these hematological findings with those of anatomopathological, bacteriological, and viro- 
logical examination of the animals, in order to find the reasons for these differences between the hematological 
responses of different animals, With this object, we killed the piglets at different times after infection. Thus, 
piglets Nos. 1 and 2 were killed on the first day after inoculation, Nos. 3 and 4 three days after inoculation, 
Nos. 5 and 6 four days after inoculation, and Nos. 7 and 8 were allowed to recover. We examined the lungs of 
the killed animals for pathological changes, and determined the virus content of the lung tssue; in addition, 
we made bacteriological cultures of the lung tissues and blood, 


The lungs of all six animals showed regions of infiltration, the intensity of which increased with time af- ; 
ter inoculation. In four cases out of six, cultures made by inoculation with the infilwated lung foci proved to be i 3 
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be bacterlologically sterile, and in two cases (Nos. 4 and 6) a massive growth of mixed bacteria was obtained. De- 
p34 termination of the virus content of the lungs showed the presence of influenza virus in high titer in the infil- 
trated regions of the lungs of five out of six animals, and its absence in one case (No. 6). 


« Comparison of the results of hematological and bacteriological examinations of the lungs showed that of 

: the four cases of amicrobial virus pneumonia the leucocyte count was unaffected in two cases and was slightly 
lowered in the other two (Nos. 1, 2, 3 and 5). A regular and considerable rise in leucocyte count was observed 
in all cases which were complicated by microbial infection (up to 14,400). The rise in leucocyte count was os 
particularly large (up to 38,600) and prolonged (over 20 days) in piglets Nos. 7 and 8, which were allowed to 

L. recover, In these cases the leucocytosis was associated with severe pneumonia, These animals were sick for 

more than three weeks, They lagged behind other animals of the same aye in body weight and growth rate. 

. These animals were not autopsied, 


Experiments with ferrets, Ferrets may be infected with influenza virus taken directly from a sick person, 
For this reason, we attached particular importance to the hematological! examination of wild ferrets before and 
after their inoculation with the virus of epidemic influenza, Saati 


We made hematological examinations of 23 ferrets in all. We are not aware of any published data on 
the hematology of these animals, in sickness or health, and in this connection we encountered certain initial 3 
difficulties in the choice of the method for obtaining blood samples. Attempts at withdrawing blood from the 
; tail veins after shaving off the hair were unsuccessful, and we were obliged to take blood from ear veins, 
J which were nicked with a razor. This procedure permitted us to make five hematological examinations of each 
animal (one to two before infection, and two to three after infection). We made total and differential white : 
cell counts, 


zs An examination of 23 healthy ferrets before intection (40 analyses) proved that the animals have sufficient- | 

% ly stable amounts of leucocytes, most of them between 6,000 and 10,000 w.b.c per mm®; in one case, the count ne. 
- z reached 16,600 and in another 18,200, The variations in the leucocyte count in individual animals were insig- 

: nificant. A mean differential leucocyte count for healthy ferrets (according to our data) is as foliows: leucocyte 
count 7866, band neutrophils 3% (236), segmented neutrophils 53% (4169), eosinophils 3% (236), basophils 0-1% a 
2 (79), lymphocytes 27% (2124), monocytic cells 13% (1022). We use the term “monocytic cells,” rather than i 
3 “monocytes,” because these celis possess a specific structure in the ferret, resembling the round macrophage cells 


_ encountered in the human, 


Of the 23 ferrets, 13 were infected with influenza virus, eight of them receiving a lethal dose of virus 
(2 ce of 10% homogenate), two a small dose of virus, not lethal to a ferret (0.1 cc), and three were kept in con- 
tact with sick ferrets which had been given a lethal dose of virus. 


4 The following hematological changes were seen in these 13 infected ferrets: leucocytosis in two cases, 
no change in four cases, and marked leucopenia in seven cases, 


Anatomopathological, bacteriological, and virological examinations were made of all the infected ferrets 
which died or were killed. The results of these, and of the hematological examinations, are presented in Table 3. 


af It is evident from the data of Table 3 that leucocytosis was found in those ferrets suffering from pneumo- 
i nia with heavy bacterial infection of the lungs (hemolytic streptococcus). No hematological reaction was founé 
in the ferrets which had been in contact with sick ones. We could find neither bacteria nor influenza virus in 
the lungs of these animals, Evidently in such cases infection of the ferrets with influenza virus did not take 
place, for which reason there was no hematological reaction. Ferret No. 938 was only examined once, nine 
hours after inoculation, This animal was not subjected to hematological examination, and should not be taken 
into consideration, 


The majority of the ferrets (seven animals) responded to infection with influenza with a definite leuco- 
penia. Bacteria could not be found in their lungs or blood, and serological investigation of their lungs showed 
- the presence of influenza virus in large amount. The results of hematclogical examination of some of these 
animals are presented in Table 4, 


The following changes appeared in the differential white cell count of the ferrets after infection: fall in 
absolute neutrophil count in five cases out of seven; a shift to the left was observed for the nuclei, but it was 
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TABLE 3 


Results of Anatomopathological, Bacteriological, Virological, and Hematological Examinations of Ferret: In- 
fected With Influenza Virus 


Serial No. Virus dose 5 Virus content 


of lungs 


Outcome Patholog- | Bactericlog-| Blood culture 
ical changes} exam 


in lungs of lungs 


1, Forrets responding with leucocytosis 


955 2 cm Died 11/7 +++ Hemolytic Hemolytic [1:100,000 

strepto- stre pto~ 

coccus coccus 

++4 

923 2 10/2 ++4 Proteus Not examined 

vulgaris 

+++ 

a 2. Ferrets not giving any hematological response 

‘ 925 10/28 Placedin | Killed 10/8 - Sterile Sterile - 

cage 
with a 
sick ferret 
935 10/16 Ditto 10/20 - - 
924 9/29 10/8 ° - 
938 10/15 2 cm? ° 1:10,060 
3. Ferrets responding with leucopenta 
954 10/25 2 cm’ Died 11/1 +++ Sterile Sterile 1:16,000 
953 10/29 2 cm’ 11/1 | ++ 1:10,000 
937 10/16 2 cm® Killed 10/19 + ° ° 1:10,000 
922 9/27 2 cm? 10/2 + . ° 1:10,000 
958 10/29 2 cm? Escaped - - - - 
11/2 
936 10/16 0.1 cm® Killed 10/22 +++ Sterile Sterile - 
934 10/16 0.1 cm? Escaped | - - - - 
10/22 


very small; juvenile and youngerthar- juvenile neutrophils did not appear in the blood; eosinophils regularly 
fell or disappeared; in almost every case we observed a considerable fall in lymphocyte count during the first 
few days after infection (down to 104 per mm’, as compared with 2000 normally); the number of monocytic 
cells rose in most cases, sometimes by 40% (up to 2332 per mm’, as compared with 1060 normally). 


The hematological reaction found in ferrets infected with influenza virus, uncomplicated by superposed 
bacterial infection, was basically analogous to that found by us in uncomplicated human epidemic influenza 
cases, 


The hematological changes found by us in mice, piglets, and ferrets were basically of the same type. All 
these animals responded to pure virus infection with a leucopenia, and displayed !eucocytosis only when there 
was superposed bacterial infection. 


As has been stated above, the majority of piglets examined responded to influenza infection with a leuco- 
cytosis, whereas a definite leucopenia was found in the majority of ferrets examined. This difference may be as- 
cribed to the much greater incidence of superposed secondary infection by various bacteria in the former case, 
due to the more severe injuries inflicted on their respiratory passages by the large amounts of inoculum intro- 

« duced, The ferrets were given only one single inoculation, whereas the piglets were, in view of their low sus- 
* 3 ceptil lity to influenza virus, given repeated inoculations, up to seven in some cases. In general, each piglet 
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TABLE 4 


Hematological Reaction of Seven Ferrets Which Gave a Leucopenic Response to Infection With Influenza Virus 
(the differential white cell count is given in absolute figures) 


Examination 
date 


Monocytes 


Ferret No. 953 


10/26 7,200 3,960 12 2,160 792 
10/27 6,700 3,819 67 1,943 737 
10/29 6,800 3,808 - 2,108 6380 
10/29 Inoculation with a lethal dose of influenza virus (2 cm’) 
10/31 3,460 102 2,074 - - 612 612 
11/2 5,000 300 3,000 = - 650 1,050 
Ferret No. 922 
9/27 7,000 2,450 [se0 = 2,660 1,330. 
11/27 Inoculation with a lethal dose of influenza virus (2 cm*) 
9/28 6,600 66 4,686 594 66 396 792 
9/29 5,000 - 2,950 - - 200 1,850 
10/1 5,200 104 2,808 52 52 104 2,080 
Ferret No. 958 
10/26 6,800 612 3,468 - > 1,700 1,020 
10/27 6,900 138 4,692 69 al 1,173 828 
10/29 6,800 - 4,080 136 a 1,360 1,224 
19/29 Inoculation with a lethal dose of influenza virus (2 ¢m*) 
10/31 6,000 660 | 4,260 - 300 780 
11/1 4,000 760 2,040 - - 320 880 
Ferret No. 936 
10/14 16,600 = 12,284 - - 2,158 2,158 
10/15 15,200 304 10,488 - - 2,584 1,824 
10/16 Inoculation with a small dose of influenza virus (0.1 cm*) 
10/17 5,400 270 3,240 - al 540 1,350 
10/19 7,000 490 4,480 - - 560 1,470 
10/21 10,600 212 6,784 - - { 1,272 2,332 


tolerated instillation of up to 70 cm? of infective homogenate into its respiratory passages, over the space of 2% 
days. 


SUMMARY 


Data on hematological changes in 23 ferrets, 53 white mice, and eight piglet are presented. The changes 
took place before and after infection by the virus of influenza Type A. Both the number of leucocytes and the 
leucocytic formulas were studied. Hematological data were compared with the data of pathologicoanatomical, 
bacteriological and virological investigation of these animal. 


Observations showed that there was a tendency towards decrease of the number of leucocytes (in mice and 
pigs) or to considerable leucopenia (in ferrets) in virus nonmicrobic pneumonia. In presence of microbes regular 
pronounced and prolonged neutrophilic leucocytosis was noted, 
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BIOCHEMISTRY AND BIOPHYSICS 


EFFECT OF MASSIVE DOSES OF ADRENALIN ON THE PROTEIN METABOLISM 
OF THE MYOCARDIUM OF RATS 


Z.1. Vedeneeva 


From the Department of Pharmacology (Director — S.V. Anichkov, Active Member Acad, Med, Sci. USSR), 
Institute of Experimental Medicine Acad, Med. Sci. USSR, Leningrad 


(Received July 17, 1957, Presented by S.V. Anichkov, Active Member Acad. Med. Sci, USSR) 


It is known that injection of large doses of adrenalin into animals causes destructive changes in the myo- 
cardium, for which reason it is frequently applied for the production of so-called “experimental myocarditis® 
{1,3}. However, up till now such destructive changes in the myocardium have been studied by histological 
methods only. The present paper describes an attempt at elucidating the protein metabolism of the myocardium 
following administration of aurenalin, As an indicator of the tophism of the myocardium we took the rate of 
incorporation of S*5- labeled methionine into myocardial proteins. The view has gained general acceptance over 
the past few years that the rate of incorporation of radioactive isotope -labeled amino acids into the proteins of 
organs or tissues is a measure of the intensity of their metabolism and of the rate of replacement of these proteins, 


EXPERIMENTAL METHOD 


We produced experimental myocarditis in rats by single massive inamuscular injections of adrenalin, in 
doses of 0.5-0.8 ml of 1:1000 solution. According to the findings of O.P. Vishnevskaia [3] such doses cause pro- 
nounced morphological changes in the myocardium of all injected rats within the first few days after injection. 


We examined the protein metabolism of the myocardium in experimental myocarditis two hours, and one 
and two days after injection of toxic doses of adrenalin, by measuring the specific radioactivity of the myocar- 
dial proteins. In some of the experiments, we supplemented these measurements by autoradiographic examina- 
tion of fragments of myocardium, The simultaneous application of both these methods allowed us to draw con- 
clusions regarding both the general rate of incorporation of S**, and its distribution within the myocardium. 


Intraperitoneal injections of S**-labeled methionine were given to control rats and to rats which had been 
suffering from myocarditis for various lengths of time, at a dosage level of 8000 impulses per g body weight. 
The animals were killed by decapitation two hours later. The heart was removed, and perfused with physiologi- 
cal saline through a cannula Inserted in the aorta, until the effluent was no longer bloodstained. The heart was 
then pulverized and tritwrated with quartz sand in a mortar. The proteins were precipitated with 10% trichlo- 
roacetic acid. The protein precipitate was washed with 5% trichloroacetic acid solution, until the washings no 
longer showed any radioactivity. The washed proteins were defatted by extraction with alcohol and alcohol- 
ether mixture. The precipitate was ground up with 2 ml of N potassium hydroxide, Portions (0.4 ml) of the re- 
sulting solution were transferred to a watch-glass for radioactivity counts, using an end-window counter, and a 
0.4 ml portion was taken for determination of protein content, by the biuret method, Specific radioactivity was 
calculated from the number of impulses per minute per 10 mg of protein, 


The specimens for autoradiography were fixed in Carnoy's fluid, and embedded in paraffin. Type R emul- 
sion, manufactured by NIKFI, was placed on the sections, by the procedure described by Gracheva, Zhinkin, and 
Shcherban* (1956). The preparation of a supporting layer for the emulsion, and the development and fixation of 
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the films were performed according to NIKFI instructions. We prepared track autoradiographs with a duration of 
exposure of one, three, and five days, and contrast autoradiograplis with exposures of 25 days. 


The rate of incorporation of labeled methionine was taken as being proportional to the rate of darkening 
of the photographic emulsion, which we measured with theaidofan MF-4 microdensitometer, and expressed in 


arbitrary units, 


We also followed the incorporation process by counting tracks formed in the emulsion by products of dis- 
integration of S**, The number of wacks was counted by means of a microscope with a grating fitted to the ocu- 
lar. We counted the number of tracks in a square of the grating, of 100 / area, 


EXPERIMENTAL RESULTS 


At the dosage level of adrenalin used by us we were able to achieve definite dystrophic changes in the 
myocardium, as shown by both electrocardiographic data and by microscopic inspection, Marked changes ap- 
peared in the electrocardiograms during the first three to four hours after injection of adrenalin, The sinus rhythm 
was retarded, as a general rule. The P waves became flattened and dichrotic. The potential of the R waves fell, 


~~ 


! i it 


Fig. 1. Electrocardiograms of rats, taken with three 

standard leads: 1) normal; Il) after 20 minutes; IID) af- 
ter three hours; IV) two days after intramuscular injec- 
tion of 0.5 m1] of 0.1% adrenalin solution. 


and of the S waves rose. The S~T interval was displaced above or below the isoelectric line. The T wave usual- 
ly became accentuated during the first few hours after injection, but had become greatly diminished by the end 
of the first or second day, hardly rising above the isoelectric line, or even undergoing inversion (Figure 1). 


The observed changes in the electrocardiograms were evidence of the presence of a serious myocardial le- 
sion, and this was confirmed in a number of experiments by subsequent morphological examination. We could 
find no microscopically evident changes in the myocardium of rats killed within three hours of the injection. Af- 
ter one to two days, however, all the rats showed focal or diffuse fatty degeneration of the muscle fibers. Indi- 


: 
| 
| 
7 
= 
‘=. 
ere 
° 
© 
460 
L 


TABLE 1 


Incorporation of S™-Labeled Methionine Into the Heart Muscle of Rats (From the specific radioacdvity of the 
nyocardial proteins) 


Expertmental/ 
/control (in $)* 


weight of specific 
animab radioacdvity 
in 


A. Two hours after injection of adrenalin 


weight of 
animal 


specific 
radioactivity 


6/31,°* 1956 


6/20 

6/20 

6/20 

6/21 

6/27 

C. Two days after injection of adrenalin 

5/21, 1956 180.0 141 200.0 266 189 
5/m 180.0 176 180.0 200 113 
5/%* 180.0 126 180.0 192 152 
6/4 200.0 71 250.0 296 416 
6/28 170.0 135 230.9 317 235 
6/28 200.0 122 200.0 205 168 
6/29 310.0 112 370.0 151 135 
6/2 333.0 114 350.0 158 139 
12/6 260.0 131 260.0 309 26 
i2/6 270.0 13 250.0 182 148 
12/12 175.0 117 185.0 189 161 
3/4, 1957 150.0 107 150.0 131 122 
3f1 180.0 109 200.0 181 166 
3/1 170.0 87 230.0 194 223 
3/11 140.0 82 210.0 187 228 
3/14 200.0 104 190.0 154 148 
3/22 190.0 127 180.0 209 165 
3/3 210.0 73 216.0 132 181 
3/27 208.0 93 200.0 174 187 
3/21 178,0 103 220.0 140 136 


Mean 112 198 


* This is the ratio of the specific radioactivity of the myocardial proteins of the control animals to that of 
the experimental ones, The specific radioactivity of the control animal Is taken as being 100% In the subse- 
quent tables (2 and 3) specific radioactivity, number of wacks per unit area, and optical density of the films for 
control] animals are also taken as 100% 

**As in original Probably 6/13 — Publisher's note, 


| 
| 
. 5/16, 1956 310.9 80 300.0 127 189 
5/16 330.0 152 300.0 130 85 
a { fs 240.0 84 230.0 121 14 
| 1/5 250.0 13 250.0 121 97 
: 9/23 280.0 71 280.0 91 128 
9/23 260.0 69 270.0 96 139 
3 6/S, 1957 280.0 117 270.0 217 1233 4. 
| 6/s 256.0 197 260.0 188 95 
| 
Mean 119 136 
a. | B. One day after injection of adrenalie 
—— | as 180.0 86 220.0 118 137 
4 
| 
| 
4 
a 4 

—— 
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vidual fibers were swollen, with fragmentation and necrotic changes in places. Extensive and numerous aggrega- 
tions of infiltrated cells were visible throughout the thickness of the heart muscle (Figure 2). 


Two hours after injection of adrenalin the rate of incorporation of S** into the myocardial proteins differed 
only slightly from the normal value (Table 1,A), fluctuating in either direction from it. 


After one to two days, however, the specific radioactivity of the myocardial proteins of the experimental 
rats was considerably greater than in the conwol series (Table 1, B and C). The increase in the amount of incor- 
poration varied widely on different days and for different pairs of rats (experimental-control). In all cases, how- 
ever, the specific radioactivity of the myccardial proteins of the adrenalin-injected rats exceeded that of the 
controls, on the average by a factor of 2 (the difference is statistically significant). 


The autoradiographic data correspond closely with those for specific radioactivity. Simple inspection of 
the autoradiographs shows a striking difference between the densities of the films from injected and conrol rats 
(Figure 3). A precise quantitative expression of the rate of incorporation of S**-methionine is given by the den- 
sitometric data, and by the wack counts, giving a rate in the injected rats of nearly double that in the controls, 
Table 2 gives a comparison of the rates of incorporation of labeled methionine into myocardial proteins of a rat, 
as derived from specific radioactivity, densitometric, and track-counting data. If we take the rate of incorpor- 
ation of S** into myvcardial proteins as 100% in control rats, then the rate for adrenalin-injected rats is 235% 
from specific radioactivity data, 223% from densitomewic data, and 217% from track-count data, 


TABLE 2 
Incorporation of S*5-Labeled Methionine Into the Myocardium of Adreaalin-Injected and Control Rats, As De- 
rived from Specific Radioactivity of Protein Measurements and from Densitomeuic Measurements of Radioauto- 


ratio; 
exptl/control 


ratio: 
exptl/con- 
trol (% 


control 


As we have shown in an earlier paper [2], S**-methionine is uniformly distributed throughout the thickness 


of the heart muscle of normal animals, In experimental myocarditis the rate of incorporation in the myocardium 


as a whole rises, as a result of increased incorporation both into muscle fibers and into connective tissue. The 
process is of particular intensity at sites of aggregation of infiltrated cells (Figure 3 and Table 3). 


ed 


sage 
C+ 
R: 


Fig. 2. Photomicrograph of rat myocardium: a) control; b) 
experimental. Objective §x, ocular 10x, Stained with azure- 


eosin. 


j 
| 
| 
graphs 
Specific radicactivi 'Number of tracks per 1000 Optical densi 
exptl control ' satio: 
. trol (%) 
317 135 + 235 i15.2 | 2.0 217 41.4 18.6 | 223 
£ 
* 
= 
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; TABLE 3 
f Distribution of $*5-Methionine in the Heart Muscle of Rats Suffering from “Experimental Myocarditis” (From den- 2 
4 sitometric measurements of tack avtoraciographs) 4 
q Date | Time of ex- _ Number of uacks per 1000 y Ratio: experimental/control(%) : 
posure of control experiment experiment 
films (days) —_ (muscle fiber) muscle fiber cell infilurate muscle fiber cell infiltrate 
6/28, 1956 - 1 7.0 11.5 19.0 164 271 
4 6/28 3 17.0 25.5 42.0 150 247 
ae, 10/22 1 , 24 5.0 12.2 208 508 
10/22 3 ‘ 7.9 13.3 24.2 168 306 
10/22 1 4.1 6.8 13.6 166 332 
: 10/22 3 11.4 13.0 26.7 114 234 
‘ The rate of incorporation of methionine varied within fairly wide limits. This is probably due to differ- 
3 ences in the severity of the injury to the myocardium, since different animals reacted differently to the same 
a dose of adrenalin. In some animals, the injuries had a focal distribution, while in others they were distributed 
4 uniformly throughout the heart muscle, and in some animals we observed extensive and numerous aggregations 
of infiltrated cells throughout the whoie thickness of the muscle, while in others they were much smaller, and 
were located chiefly in the region of the papillary muscles. These observations explain, to a certain extent, the 
wide variations found for specific radioactivity of myocardial proteins (see Table 1). However, in all cases the 
P rate of inclusion of S** into the myocardial proteins was much higher in “experimental myocarditis” than in the 
controls, and this is evidence of the enhanced rate of resynthesis of the myocardial proteins. The heightened 
“ protein metabolism of the myocardium cannot be considered to be a direct reaction to adrenalin, since it does 
a not appear carlier than a day after its injection, i.e., when any adrenalin in the tissucs must have undergone de- 
4 me Fig. 3. Track autotadiograph® of rat myocardium two hours 


after introduction of S**-methionine. Exposure time of the 
emulsion five days. Immersion objective 60, ocular 7x. 
Stail. — ematoxylin-cosin. a) Control; b) experiment. 


struction, The increase! resynthesis of proteins naust therefore be ascribed to the inyuricus action of adrenalin, 
It is difficult, at this stage. to explain the direct mechanism of this increase in protein synthesis, It is possible 


— 


*We wish to express our sincere gratitude to the Histology Laboratory, LEM, and to Prof. LN. Zhinkin, for their 
help and advice in preparing the autoradiographs. 
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that in experimental myocarditis the specific activity of the myocardium, viz., its contractive function, is de- 
pressed, which in turn leads to Intensification of metabolism, expressed as resynthesis of proteins. On the other 
hand, intensified resynthesis of proteins may be regarded as a consequence of regenerative process*s proceeding 
in the myocardium in response to the destructive action of adrenalin, 
SUMMARY 


Myocarditis was experimentally induced in rats by a single intramuscular injection of a large dose of ad- 
renalin (0.5 to 0.8 ml of 1:1000 solution), 


Myocardial damage was supported by the data of electrocardiographic and morphological examinations, 7 
It was revealed that the rate of inclusion of $**-methionine into the proteins of the cardiac muscle {s greatly in- 
creased in experimentally-induced myocarditis, This takes place as a result of inclusion of S**-methionine into 
the muscle fibers as well as into the connective tissue, Its inclusion is especially intensive in places of accumu- 
lation of the cellular elements, 
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DISTRIBUTION OF NUCLEIC ACIDS IN THE HAIR CELLS OF 
THE ORGAN OF CORTI OF ANIMALS IN RELATIVELY QUIET SURROUNDINGS, 
AND EXPOSED TO SONIC STIMULATION 


Ia.A. Vinnikov and L.K. Titova 


From the I.M, Sechenov Institute of Evolutionary Physiology (Director — Academician L.A. Orbeli), Leningrad 


(Received September 20, 1957, Presented by Academician L.A. Orbeli) 


Research on the distribution of nucleic acids in the neurons of the spiral ganglion has shown that ordinary 
stimulation leads to increased production of ribonucleic acid (RNA) — the chromidial substance. On the other 
hand, expesure for three hours to sound of 6000 cps (80 decibels) leads to total disappearance of nucleic acid. Is 
regeneration within the neurons requires the space of three weeks [16]. We know of no similar studies of the hair 
cells of the organ of Corti which are directly stimulated by sourd, and which transmit the impulses arising from 
such stimuli to the neurons of the spiral ganglion, through axons situated in the spiral lamina. It is known only 
that auditory stimulation leads (within 15 minutes) to changes in the dimensions of the nuclei of the hair cells 
(27, 20}, and to changes in their volume [1]. Changes in the distribution of desoxyribonucieic acid (DNA) [16] 
and of a number of enzymes [2,3] have also been noted, 


The present paper deals with the distribution of DNA and RNA in the hair cells of the organ of Corti un- 
der conditions of relative rest and with exposure to sound, 


EXPERIMENTAL METHODS 


We examined 60 organs of Corti, taken from twenty guinea pigs, five rabbits, and five kittens. Ten ani- 
mals were taken for each series of experiments. In the first (control) series, the animals were in relatively quiet 
surroundings, In the second series they were exposed for one hour to sound of high frequency — 1500 cps (95 deci- 
bels). In the third series they were exposed to low frequency sound — 300 cps (95 decibels), The animals were 
killed by decapitation. The specimens were fixed in Carnoy’s fluid, and the sections were stained with gallo- 
cyanin (9,15). As a control, we used crystalline ribonuclease, according to Brachet [12}. Some of the cochleas 
were treated by Feulgen's method. After fixation and other appropriate treatment, the cochleas were dissected 
into separate coils, from which we prepared planar total sections of the organ of Corti, 


EXPERIMENTAL RESULTS 


The organs of Corti taken from the first (control) series all showed the presence of DNA in both preparations 
treated according to Feulgen, and in those stained with gallocyanin after preliminary weatment with ribonuclease, 
The nuclei of the inner hair cells contained relatively little DNA (Figure 1). The DNA appeared as fairly large 
aggregates or granules in the Feulgen-stained preparations; the DNA stained bluish-red and was situated cenually 
in the round nuclei, The largest one or two aggregates represent the nucleoli. The location of the DNA granules 
and aggregates was even more clearly evident in gallocyanin-stained preparations, in particular after preliminary 
treatment with ribonuclease, Such preparations also show the general contours of the cells, of their cytoplasm, 
and of the nuclear membranes, The DNA particles, and the nucleoli, stain an intense blue color. The sensory 
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hairs are well defined at the free surfaces of the inner hair cells. Their intensity of staining was not affected by 
preliminary ribonuclease ueatment. A comparison of secticns stained with ga!locyanin, with and without pre- 

liminary ribonuclease treatment, permits the fairly precise determination of the location of RNA in the cells. In 
the inner hair cells, RNA was found in the apical part of the cell, above the nucleus, in the form of more or less 
regular rod-shaped formations lying paralle] to the long axis of the cells, We did not observe diffuse blue stain- 
ing of the cells, RNA is diffusely distributed through the nuclei, but after treatment with ribonuclease the back- 
ground becomes quite clear, This weatment leads to some diminution in the size of the nucleoli, 


Fig. 1. DIA content of the nuclei of inner and outer hair cells of the or- 
gan of Corti of a guinca pig, at the level of the lower coil. Treated with 
ribonuclease, stained with gallocyanin. Whole surface of the lower coil 
Magnification; ocular 7x, objective immersivn 90, Photomicrograph, 


The nuclei of the outer hair cells are somewhat richer in DNA. The latter appears centrally in the nuclei, 
in the form cf granules and aggreyates, together with two to three larger nucleoli, The distribution of DNA in the 
auclei of cells weated with ribonuclease and then stained with gallocyanin is the same as in Feulgen-stained 
cells, In addition, however, the regular, round nuclear membrane, as well as the wansparent cytoplasm and the 
contours of the cell itself, are visible (see Figure 1). In sections stained with gallocyanin after ribonuclease 
treatment, the scnsory hairs of the outer hair cells are clearly to be seer: as V-shaped formations situated at the 
free surface of the cells, with the base of the V directed towards the licusen cells, The RNA of the nuciei of the 
vutcr hair cells is distributed around the nuclevli, and in smal) amouts throughout the karyoplasm. The RNA of 
the cytoplasin of the outer hair celis is in tie form of slender striated threads, located above the nucleus, and ly- 
ing more or less paralle] tw the long axis of the cell. We did not observe diffuse blue staining of the outer hair 
cells when they were stained with gallucyanin, 

Di:A is found iu large amount: in ite nuclei of the pillar cells of the orga vf Corti, and the nuclei of the 
epithe lial cells of the vestibular lip are particularly heavily loaded with DNA; Uhis represents a nuclear secre- 
tion, The nuclei of the Heusen ang Claucius cells,and of the epithelium of Vie vascular zone are also distin- 
guished by theirhigh Di.A content. Less DA is to be seen in die nuclei of the columnar cells, of Deiter's cells, 
and of the epithelial cells uf Reissner’s meabrane and of the basilar membrane. Very little RNA could be seen 
ia the supporting cells, It was aku absent from the membraue of Corti. There is, nevertheless, a considerable 
siffese concenmation of R*:A, visibl: ss a continuous blue band, along the whole length of the inner cells of the 


organ of Corti (Figure 2). 
In the secone series ct e\perinme nts, involving high-frequency tones, we found marked changes in distribu- 


a*¥ 


tion of DNA and RNA, chiefly in the hair celis of the outer coil and of the lower part of the central coi] of the 
organ of Corti. The clongated, prismatic shape of the hair cells situated at these levels of the cochlea remained 
unchanged, and only very seldom was there any alteration in the shape or size of the nucleus of these cells, but 
the granules and aggregates of DNA were characteristically displaced towards the inner surface of the nuclear 
membrane. Traces of RNA persisted in the cytoplasm situated above the nucleus, but the regular suiation and 
alignment of the threads were absent. Displacement of the nucleoli was sometimes observed. Judging from the 
intensity of its staining, the RNA content was greatly diminished. In some of the inner and outer hair cells RNA 
could not be seen, although the remnants of the colorless striae could be distinguished. The sensory hairs located 
at the free surfaces of the inner hair cells stained intensively with gatlocyanin, as in the control series, 


; 
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Fig. 2. DNA and RNA present in the cytoplasm and nuclei of inner 
hair cells and of Hensen cells of the urgan of Corti of a guinea pig, 
at the level of the lower coil. Stained with gallocyanin, Full sur- 
face of a section of the lower coil. Magnification; ocular 7x, ob- 
jective immersicn 90. Photomicrograph. 


The outer hair cells of the lower coil, and of the lower part of the middle coil of the cochlea, undergo a 
complex cycle of changes, They respond to sound by contracting, and become more spherical. This was associ- 
ated ia some of the outer hair cells by shrinkage of the nucleus, However, the majority of the outer hair cells 
seen by us had very swollen nuclei (see Figure 2). 


We noticed the following regularities in the location of the nuclei. The inner row of outer hair cells had 
a marked preponderance of enlarged nuclei (see Figure 2). In this row one to two shrunken nuclei could be seen 
per field of vision (oil immersion), There were many more such nuclei in the middle row of outer hair cells, 
Their number was about equal to that of enlarged nuclei (see Figure 2). Finally, the ovter row of outer hair cells 


had a marked preponderance of shrunken nuclei. The proportion of swollen nuclei to be seen in this row was 
much smaller. 


The distribution of DNA in the latter was characteristic. The DNA aggregates and granules were situated 
marginally at the inner surface of the nuclear membrane, and considerable displacement of the nucleoli was 
frequently seen. Deformation of the granules and aggregates of DNA was evident; they assumed an unusual shape 
reseinbling short, stretched filaments, of irregular shape and of uneven thickness. RNA was distributed diffusely 
throughout the swollen nuclei, apart from the nucleoli. The RNA content varied from nucleus to nucleus, some 
staiminy, more or less intensely with gallocyanin. Some nuclei did not contain any RNA, remaining quite tans- 
parent after staining. In general, RNA is also absent from the cytoplasm of hair cells having swollen nuclei (see . 
Figure 2). 


4 
q 
5 
4 4 
a 
4 
> 
4 
a 
467 


A distinguishing feature of hair cells with shrunken nuclei is that the granules and aggregates of DNA are 
scattered more or less uniformly throughout the nucleus; the nucleoli (one to two) can be distinguished by their 
larger size, The DNA granules are not situated at the inner surface of the nuclear membrane, The karyoplasm 
of the shrunken nuclei stained diffuseiy and intensively with gallocyanin. This staining did not appear after pre- 
liminary treatment with ribonuclease, which is evidence that it Is due to RNA. The cytoplasm of such outer 
hair cells with shrunken nuclei contained RNA in the form of very slender rod-shaped granules, large numbers of 
which were distributed randomly around the nucleus, These granules stain intensively with gallocyanin, This 
staining was not seen after preliminary treatment with ribonuclease. The sensory hairs situated at the apex of 
the outer hairs cells stained deeply with gallocyanin, Owing to the more rounded shape of the shortened hair 
cells the hairs become crescent-shaped rather than V-shaped, The staining of the sensory hairs is unaffected by 


treatment with ribonuclease, 
The distribution of DNA and RNA in the supporting cells of the organ of Corti differed little from that seen 
in the control preparations, The DNA aggregates and the nucleoli of the nuclei of Hensen's cells may, however, 


assume a marginal location (see Figure 2), 

The changes seen in the third series of experiments, using tones of low frequency, were of the same kind 
as in the second series, but they were restricted to the upper coll and to the upper part of the middle coll of the 
cochlea. The cells of the lower coil and of its lower parts were not affected, as a general rule. Both in the 
second and in the third series of experiments, we encountered individual outer hair cells in which the distribu- 
tion of DNA in the nucleus and of RNA in the cytoplasm did not differ from that found in the control series, 


It should be noted that the above descriptions are characteristic chiefly of the hair cells of guinea pigs, 
and to some extent of cats. In rabbits, stimulated hair cells sometimes contained DNA in the form of “lamp 
brushes” (8). The alterations in the nuclei of the hair cells seen after exposure to sound of one hour's duration 
persisted for two to three days, after which the DNA and RNA contents and distribution became the same as for 


the contro! animals. 
Our findings show that, in distinction from the neurons of the spiral ganglion [16], the hair cells of the or- 
gan of Corti react more vigorously to raised functional loading. This excitation reaction is distinguished by 


changes in the shape of the cells, in the size of their nucleus, and in the distribution of DNA and RNA within them. 


The alterations in the size of the nuclei ~ enlargement (or swelling) and contraction (or shrinkage) — should 
be regarded as pulsations of the nuclei of the cuter hair cells, proceeding fairly rapidly (30-60 minutes), although 
it cannot be perceived macroscopically. This pulsation may be compared with the recently established pheno- 
menon of rotation of the nucleus, found for different types of cells (21}. 


The morphological transformations of these nuclei coincide with certain quite important histochemical 
processes, Displacement of DNA towards the periphery of swollen nuclei, and fall in the RNA contert of the cy- 
toplasm of such cells are evidence of intensification of RNA synthesis and of associated protein synthesis, pro- 
ceeding under the control of the DNA [13]. The synthesized RNA proteins are at once used up by the excited 
hair cells, Contraction or shrinkage of the nuclei of the hair cells, and enrichment of their nucleus and cyto- 
plasm in RNA may be taken as evidence that such cells catabolize less RNA protein and that they have passed 
from an excited state to one of relative rest, i.e., such cases represent the terminal stage of the process of nu- 
clear pulsation, a reversion to the initial dimensions following a phase of expansion. 


The correspondence between the localization and the changes in DNA and RNA of excited hair cells of the 
organ of Corti and the changes in their enzyme contents, such as of alkaline [2] and acid [3] phosphatase, makes 


possible, in conjunction with the findings of other authors (10, 14, 18, 19], the hypothesis that the above -described 


changes in the distribution of nucleic acids and of their associated proteins may be due basically to transphos- 
phory lation processes, effected by those nonspecific phosphorylases whose location in the organ of Corti Is gov- 
erned by pronounced gradient regularities. This supposition is supported by certain biochemical evidence of the 
contractile properties of DNA proteins [6], and of the effect of phosphatases on this process [5], which may be 
responsible for the variations in size (*pulsation®) of the nuclei of the hair cells. 

Thus, our findings on the distribution of DNA and RNA in the hair cells, taken in conjunction with other 
histochemical changes recently reported by us (2,3, 4], are evidence of the participation of nucleic acids in the 
energetics of the organ of Corti, although this possibility has been rejected by some authors [7]. 
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* See English translation, 


***Russian translation, 


SUMMARY 


Experiments were performed cn guinea pigs, rabbits and kittens, It was established that the form and the 


structure of hair cells of the organ of Corti is changed depending on the condition of the animal (whether it is 
in condition of rest or stimulated by sound). The content and the distribution of RNA and DNA fs changed cor- 
respondingly. Depending on the frequency of the sound stimuli the external hair cells in the cochlea become 
rounded, while their nuclei dilate or, shrink —“pulsate.”. DNA occupies an external position on the internal sur- 
face of the nuclear membrane in the cells with the swollen nuclei. As to RNA ~ it disappears from the cyto- 


plasm enurely. 


Increased content of RNA in the nucleus, as well as in the cytoplasm, fs found in the cells with shrunken nuclei. 
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PHARMACOLOGY 


THE DIFFERENCE IN THE VELOCITY OF ACTION OF SODIUM AMYTAL ON 
THE REFLEX ARCS OF THE CERVICAL AND LUMBAR AREAS 
OF THE SPINAL CORD 


Il*inskil 


Pathophystologic Laboratory (Director — Prof, V.S. Galkin*), The 1.P. Pavlov Institute of Physiology 
(Director ~ Academician K.M, Bykov), Acad, Sci, USSR, Leningrad 


(Received October 17, 1957, Presented by Active Member Acad, Med. Sci. USSR, V.N. Chernigovskil) 


When hypnotic or narcotic substances are administered to an animal the hind limbs become “ataxic” and 
“paretic” sooner than the fore limbs [4, 7, 8, 11, 12, 13, 14}, 


This phenomenon was not, however, analyzed before the experiments of Bernhard and collaborators (5, 6, 
9,10). These experiments established that cn stimulation of the cerebral cortex, the pyramidal pathways (at the 
leve! of the medulla) or of nerves, following administration of narcotics, earlier depression of biocurrents was 
noted in the nerves and muscles of the hind limbs than in those of the forelimbs, This differential sensitivity 
to narcotics did not depend on the influence of supraspinal centers, cervical reflexes, fluctuations of blood pres- 
sure or inflow of afferent impulses, but was connected with the magnitude of the central delay of the reflex 
which proved to be greater by 1-1.8 milliseconds for the multisynaptic reflexes of the hind limbs, 


However, explanation of paresis and ataxia of the hind limbs by the functional organization of the spinal 
reflex arcs exclusively, proved to be improbable. We therefore undertook to investigate the role of the higher 
portions of the central nervous system in the phenomenon of differential sensitivity of reflex arcs at different 


levels of the spinal cord to narcotics, 


EXPERIMENTAL METHODS 


Observations were made on intact animals and on animals subjected to transection cf the cord at various 
levels, extirpation of the lumbar part of the sympathetic nervous system and decerebration, 


Decerebration was performed at the intercollicular level; transection of the cord was made at the level 
Cy. In a number of experiments the cord was also transected at the level T,-g and the lumbar sympathetic 
chains were removed, Transections were carried out in short-term experiments or one to three days prior to the 
experiment, Experiments on normal animals were performed not sooner than 60 minutes after administration of 
the narcotic in the dose of 40-60 mg/kg. Under long-term conditions changes in behavior and character of 
motor activity were investigated after administration of 5-50 mg/kg body weight of narcotic. Stimulation was 
effected by threshold (or slightly greater than threshold) single square-wave stimuli of 0.5 millisecond duration 
acting on sensory and mixed nerves (n. cutaneus medialis, superficialis radialis, ulnaris in the forelimbs and 
n, saphenus, suralis, tibialis in the hind limbs). Bipotentials were led off by needle electrodes from the muscles 
(m. quadriceps femoris, semitendinosus, semimembranosus, gracilis, gastrocnemius, tibialis anterior, and sartor- 
aus in the hind limbs, and m. biceps brachii, triceps brachii, palmaris longus, flexor digitorum profundus, ex- 
tensor carpi ulnaris in the forelimbs). The potentials were recorded with the help of a symmetwical two-channel 


* Deceased, 
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amplifier and oscillograph, The thresholds were determined in terms of stimulus voltage. 1% solution of sodium 
amytal was used as narcodc; it was injected intavenously (sometimes Iintraperitoneally) in single or divided 


doses, 


A total of 47 experiments was performed, 11 on decerebrate, 10 on spinal and 26 on intact cats, 


EXPERIMENTAL RESULTS 


Experiments on intact, spinal and decerebrate animals showed that the reflex arcs of the lumbar part of 
the spinal cord were more sensitive to narcotics than the corresponding arcs of the cervical region. With increas- 
ing doses of amytal there was first a rise in the threshold of the reflexes in the hind Umbs (blopotentials were re- 


, corded from the m.tiblalis anterior and semitendinosus on stimulation of n tibialis) and only later a rise in the 
P fore limbs (records of blopotentials were made from m. biceps brachil and palmaris longus on stimulation of a, 
i: tibialis) (see figure). When the narcotic was given to an intact animal visual observation revealed ataxia of the 
ie hind limbs with no change in the motor activity of the forelimbs, 
3 
é Sodium amytal in mg/kg body weight 
a - Changes in reflexes under the influence of sodium amytal, Earlier depression 
y of reflexes in hind limb muscles shown definitely. Arrows indicate moment 
a ‘ ef narcotic administration. Figures above arrows show total amount of sub- 
E : stance injected. 1) m., tibialis anterior; 2) semitendinosus; 3) biceps brachif; 
4) palmaris longus, 
—“—<— 4 Our findings thus agree completely with the data of the authors cited above, 
4 It is known that there {is a possibility of transmission of inhibitory influences from suprasegmenta] structures 
2 to the spinal cord by way of the sympathctic nervous system [1, 2, 3}. 
€ 4 : In order to elucidate the participation of the sympathetic nervous system in the phenomenon under consid- 
ra eration, experiments were performed on animals with lumbar sympathetic chains removed: with spinal transec- 


tion at Ty., and lumbar sympathectomy (performed several days prior to the experiment). Control experiments 
were performed on animals with spinal transection at T;., but without sympathectomy. In all the experimens 
there was first a depression of reflexes of the lumbar part of the spinal cord, {.e., the results proved to be identi- 
cal with the data of the preceding series. 

Whereas the successive depression of the various reflex arcs depending on the experimental conditions did 
not change, the rate of restoration of reflex activity was different in experiments with decerebrate and spinal 
animals, 
Following a single injection of a small dose cf amytal (10-20 mg/kg) to a spinal animal complete restora- 
tion of reflexes occurred in the course of 45-75 minutes, while in decerebrate cats the time interval was 1°4 hours 
and longer. When the same doses of the narcotic were given to intact animals (under lorg-term experimental 
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conditions) noticeable changes were observed in the motor function, expressed in greater discoordination of the 
hind Umb movements, Although comparison of the results of short-term experiments with visual observations 
presents considerable difficulties, the simiiarity of the data from this series of experiments permits, it would 


seem, drawing of a parallel between these result (see table). 


Duration of Change of Reflexes and Motor Function After a Single Injection of Sodium Amytal 
Intact animals (data of visual obser- 


Spinal animals Decerebrate animals 


duration 


dose (in 

mg) per | method of method of method of of changes 

lkgof |administra- administra - administra- jin reflexes 
tion 


body wt. | tion 


Intravenous 
Intraperitonea 
Intravenous 


Intravenous 


Intraperitoneal 67 Intraperitoneal > 240 


Intravenous 0 


Restoration of reflex activity in spinal animals following administration of sodium amytal occurred more 
rapidly than in decerebrate animals, and more rapidly in the lattez than the restoration of motor functions in in- 
tact animals, These data suggest that the phenomenon of differential sensitivity of spinal reflex arcs to the nar- 
cotic is determined not only by different functional organization of these arcs in the spinal cord but also by the 

influence of higher sections of the nervous system, What these structures are and what the nature of their influ- 


ence may be remain so far unclear, 


SUMMARY 
The effect of sodium amytal on various reflex arcs of the spinal cord was studied in experiments on decere- 


brated spinal and intact cats, 

It was established that the reflex arcs of the lumbar area of the spinal cord were more sensitive to the ac- 
tion of sodium amytal than those of the cervical area, The effect of this substance does not change when the 
lumbar portion of the sympathetic nervous system is removed as well as after section of the spinai cord at the 


level 
It was also demonstrated that different time is required for reestablishment of normal reflex activity in de- 
cerebrated, spinal and intact animals following administration of the same doses of sodium amytal 


On the basis of these experiments it is assumed that suprasegmental structures take part in this phenomenon. 
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THE EFFECT OF ADRENALIN AND SYMPATHOMIMETIC AMINES 
, (EPHEDRINE, AMPHETAMINE) ON BILE SECRETION OF THE LIVER 
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Department of Pharmacology (Director ~ Honored Scientific Worker Prof. lu.A, Petrovskil), 


Lvov State Medical Institute 


(Received July 15, 1957, Presented by Active Member Acad. Med. Sci. USSR, S.V. Anichkov) 


The present investigation was undertaken in order to establish the character and special features of the ef- 
fect of adrenalin, ephedrine and amphetamine on the processes of bile secretion and formation in the liver of 
cholates as the main component of bile, 


The question of the effect of adrenalin onthe secretory function of the liver has been studied by many au- 
thors [1,4, etc.] but some of its aspects have remained unsolved. Moreover, the effect of sympathomimetic 
amines — noradrenalin, neoepinephrine, neosynephrine, ephedrine, amphetamine, etc, — on the bile secreting 
and bile excreting processes has not been described in the literature. Such data, particularly a comparative study 
of the action of the substances mentioned on the secretion of bile are necessary for the elucidation of the role of 

hyperglycemia in this process, of the role of adrenergic systems in tissues, the significance of the state of the 
central nervous system, etc, 


| The choice of substances for the present investigation was based on the fact that adrenalin was distinguished 
by a very strong effect on the adrenergic systems of organs and tissues of the body and produced appreciable hyper- 
glycemia, whereas ephedrine and amphetamine caused excitation of the central nervous system (particularly am- 
phetamine) with less marked peripheral effect. Comparison of these pharmacodynamic features in the substances 
: mentioned with the results obtained in our experiments permitted a new interpretation of some aspects of the 
problem of the physiology of the secretory function of the liver. 


EXPERIMENTAL METHODS 


Long-term experiments were performed on five dogs with permanent Schwann fistulas of the gallbladder. 
Attention was paid not only to the intensity of the secretory process but also to the chemical composition of the 
bile: each hourly specimen of bile was subjected to photometic determination of the cholate concentration by 
the Shire-Kuni method and of bilirubin by the Van denBergh method, The amount of bile secreted was noted 
every 30 minutes over a period of four hours, In order to avoid any possible gastrointestinal influences on bile 
secretion during digestion all the experiments were conducted in the fasting state. Systematic parallel determi- 
nations of blood sugar levels were made by the Hagedorn-Jensen method. A total of over 90 experiment was 
carried out. 


EXPERIMENTAL RESULTS 


Adrenalin. As can be seen from the table, there is a marked decrease in the total amount of bile under the 
influence of 0.05 mg/kg adrenalin given subcutaneously or intravenously (average decrease by 42.4-26.2% in the 
dog Lokhmatyl, by 6.8% in the dog Tsezar and by 15.5% in the dog Dunai). In isolated experiments the decrease 
of bile secretion was even more marked. It must be emphasized that in the majority of experiments the diminu- 
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tion of bile secretion under the influence of adrenalin was 
observed chiefly during the first two hours of experiment, 
i.e., when the blood sugar level was raised, During the 
remaining time of experiment bile secreticz was less 
markedly diminished or not diminished at all (Figure 1), 


The concentration of cholates and of bilirubin in 
the bile also underwent a change. A close connection 
was noted between the level of bile secretion and con- 
centration of bilirubin in the bile, expressed in the fact 
that the content of chis pigment In the bile increased 
considerably in those intervals of time during the exper- 

db iment when bile secretion was relatively low and de- 
Time30" ab creased to the initial level as the normal level of bile 
secretion was restored, The cholate concentration in the 
bile, on the other hand, was below the contro] value 
throughout the experiment in the majority of cases; in 
some experiments this decrease was greater, in others 
smaller; only in isolated observations on the dog Lokh- 
matyi during experiments with marked depression of bile 
secretion did the concentration of cholates remain unchanged or show a slight rise. 


Anrount of bile Amownt of cholates 


Fig. 1. Effect of adrenalin on bile secretion and 
process of cholate excretion in the dog Dunal 
(average values); a) control; b) adrenalin, 0.05 
mg per 1 kg body weight, intravenously. 


Calculation of the total amount of cholates secreted with the bile as indication of the intensity of the pro- 
cess of their synthesis in the liver enabled us to establish that under the influence of adrenalin the absolute cho- 
late content of bile showed a considerable decrease (in the case of Lokhmatyi by an average of 16,2-37.3% in 
the case of Tsezar and Dunai by 31.6 and 30.9% respectively). The most marked decrease in cholate secretion 
was observed during the first hour of the experiment after which it rose gradually but remained considerably be- 
low the corresponding values throughout the experiment (Figure 1). 
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Amount of bile 


Fig. 2. Effect of ephedrine on bile secretion and cholate 
secretion in the dog Dunal (average values): a) control; 
b) ephedrine in dose 2 mg per 1 kg body weight; c) ephe- 
drine in dose 4 mg per 1 kg body weight (intravenous in- 
jection, 


Adrenalin thus evokes marked depression of bile excretion and cholate synthesis in the liver; this prepara- 
tion does not exert any appreciable effect on the process of bilirubin secretion, 


Ephedrine, Less marked changes were observed following intravenous administration of 1-5 mg/kg ephe- 
drine. 
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Doses of 1-2 mg/kg gave rise to slight depression of bile secretion in fsolated cases and no changes inothers 
while doses of 3-5 mg/kg caused no change in bile secretion in a number of cases or caused an average rise 
of 5-15% (Figure 2); changes in the chemical composition of bile were more consistent. The concentration of 
bile bilirubin increased markedly in those experiments in which the secretion of bile was below the initial level 
and dropped to some extent in those cases in which bile secretion was greater than in the control series of ex- 
periments, Thus, in the case of the dog Lokhmatyi administration of 1 mg/kg ephedrine caused an average drop 
in the total amount of bile from 40.9 to 29.8 ml, the bilirubin concentration rising from 38.8-44.5 to 60.8-77.8 
mgt. When the same dog received 6 mg/kg of ephedrine the total amount of bile secreted during four hours in- 
creased up to 63.4 ml,the concentration of the pigment falling to 34.3-23.8 mg% In this case the changes re- 
sembled in character those observed on administration of adrenalin, 


The concentration of cholates in the bile was noticeably lower in all the experiments with ephedrine than 
in the control ones, The total amount of cholates secreted with bile was also lower than the initial value in the 
majority of experiments, This decrease was marked in the case of Lokhmatyi somewhat more than in the case 
of Dunai, Only in one experiment (Lokhmatyi) was there an increase in the absolute cholate content of the bile 
after administration of 5 mg/kg ephedrine; the increase was from 786.8 to 1149 mg. The consistent reaction 

of the organism from the point of view of bile secretion is thus dilution of the bile, the level of secretion and 
the process of cholate synthesis in the liver depending on the dose of the preparation: as the dose increases these 
processes rise to the normal level and in some cases (especially with respect to bile secretion) exceed the latter. 


Amonnt of cholates 


Amount of bile 


Time 7’ 


Fig. 3. Effect of amphetamine on bile secretion and process 
of cholate secretion in the dog Dunai (average values): a) 
contol; b) amphetamine in dose 0.5 mg per 1 kg body 
weight; c) amphetamine in dose 1 ing per 1 kg body weight 
(intravenous injection), 


Amphetamine. The effect of amphetamine in doses of 0.5-2 mg/kg on the bile-secreting function of the 
liver was studied in experiments on four dogs. The preparation was given subcutaneously and intravenously. As 
can be seen from the data given in the table, bile secretion was markedly increased in all experiments with 


slight exception (absence of reaction in Lokhmatyi upon parenteral administration of 1 mg/kg of amphetamine). 


This effect of amphetamine was most pronounced on intravenous injection; the bile-secreting action increased 


as the dose rose from 0.5 to 1 mg/kg and decreased on further increase of the dose. Thus, in the case of the dog 


Aza the average increase of bile secretion following administration of 0.5 mg/kg amphetamine was 37.3% and 


13.4% when the dose was increased to 1 mg/kg; when the dose was further increased to 2 mg/kg, however, there 
was no Increase in bile secretion. It was also noted that when amphetamine was given parenterally the increase 
in bile secretion occurred from the second to third hour onwards, whereas when the preparation was given intra- 


venously bile sectetion was raised tiroughout the experiment (Figure 3). 
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In those experiments in which enhancement of bile secretion was absent or slight the bile bilirubin concen- 
uation wasunchanged; it decreased substantially in experiments in which there was definite stimulating effect 

of the preparation on bile secretion. The concentration of cholates in the bile, regardless of the level of bile 
secretion, was noticeably lowered Including those experiments in which the level of bile secretion was unchanged, 
The absolute cholate content of bile increased by an average of 22,8-23.7% in Dunai, remained almost unchanged 
in Amur and decreased by an average of 31-27.2% in Lokhmatyl. 


Thus, unlike adrenalin and ephedrine, amphetamine exerts a simulaung effect on bile secretion which 
resembles in its character the action of the majority of cholagogues (salts of bile acids, cholosas, flarninum, etc.). 


Data obtained under long-term experimental conditions on dogs with permanent Schwann gallbladder fis- 
tulas show that adrenalin and sympathomimetic amines (ephedrine and amphetamine) possess a number of prop- 
erties with respect to the bile-secreting function of the liver which are characteristic for each preparation indiv- 
idually. Adrenalin produces marked lowering of bile secretion, ephedrine produces small fluctuations towards 
both diminution and enharcement of bile secretion (especially on increasing the dose of the preparation) while 
amphetamine {s distinguished by a typical cholagogic action. Changes in the chemical composition of bile, on 
the other hand, were uniform: concentration of bile bilirubin was in close relation to the degree of the bile-se- 
creting reaction, while the concentration of cholates was lowered in the majority of the experiments, 


Taking into account the distinctive features of the pharmacodynamics of adrenalin, ephedrine and amphet- 
amine provides a basis for suggesting that the character of the effect of these substances on the processes of hile 
secretion and synthesis of cholates in the liver is in definite relationship with the ability of the preparations men- 
tioned to elicit simulation of the ceatral nervous system on the one hand, and on the other to influence the ad- 
renergic systems in tissues. In this series of substances the central action increases with decline of the peripheral 
effect. Therefore, evidently, the bile-secreting effect and the process of cholate formation in the liver depend 
on the degree of peripheral and central action of substances such as adrenalin, ephedrine and amphetamine, Pre- 
dominance of peripheral over centra! effect (adrenalin) leads to depression of bile secretion and cholate synthesis, 
whereas predominance of central effect over peripheral] (amphetamine) is accompanied by definite cholagogic 
action with increase of cholate formation in the liver seen in a number of experiments. Ephedrine occupies an 
intermediate position with relation to the central nervous system and with respect te effect on bile secretion. 

It is also essential to point out that hyperglycemia which develops under the influence of adrenalin plays 
a definite part in the depression of bile secretion associated with administration of adrenalin, Our earlier work 
(6, 7] and data of A.F. Platonova-Petrovskaia [2,3], R.V. Rudoi [5] and others suggest close connection between 
the process of bile secretion and carbohydrate metabolism expressed in the fact that in the presence of hypogly- 
cemia the level of bile secretion shows a sharp cise, while considerable hyperglycemia is accompanied by marked 
inhibition of this process, As indicated previously [6], this connection is based on a neurohumoral mechanism. 


SUMMARY 


Long-term experiments were performed on five dogs with a permanent Schwann fistula of the gallbladder. 
The effect of adrenalin, ephedrine and amphetamine on bile production by the liver and on the chemical con- 
tent of the bile was studied, It was established that adrenalin inhibited the bile secretion and promoied decrease 
of the absolute content of cholates in the bile. Amphetamine,on the othcr hand, has a promoting effect on bile 
production, The effect of ephedrine on production of bile is less characteristic and is unstable. Changes in the 
chemical content of the bile showed that the concentration of bilirubin in the bile depended on the degree of 
bile production. As to the concentration of the cholates —in the majority of experiments they showed consider- 
able decrease, The mechanism of action of the preparations referred to above is discussed in this paper. 
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-MICROBIOLOGY AND IMMUNITY 


THE HEMAGGLUTINATING ACTIVITY OF THE VARIOLA VIRUS 


S.S. Marennikova and E.M. Akatova 
The 1.1. Mechnikov Moscow Scientific Research Institute of Vaccines and Sera (Director ~ A.P, Muzychenko) 


(Received May 15, 1957. Presented by Active Member Acad, Med, Sci, L.D. Zil’ber) 


Among the properties of the variola virus studied only slightly is its hemagglutinating activity. Informa- 
tion on this {s practically Limited to the communication of North, who noted the ability of the variola virus to 
produce agglutination of hen and chick embryo erythrocytes, We considered it expedient to check the hemag- 
glutinating activity of the variola virus with respect to erythrocytes of various species of animals, The present 
work is almed at augmenting the available data concerning the variola virus and its properties, as well as at at- 
tempting to establish differences between the smallpox virus and the closely related vaccine virus, using hemag- 
glutination as an index, This attempt is important for differentiation of the viruses mentioned, 


Variola virus (strain "Narz") grown in developing chick embryos was used in this work; it had undergone 
18 passages by the time of the investigation, Parallel experiments were staged with vaccine virus adapted to 
chick embryos (ovovaccine), 


Virus-containing suspensions were prepared with physiologic solution 1:10 from chorio allantoic mem- 
branes of chick embryos infected with variola virus and ovovaccine after appropriate incubation (120 hours at 
34.5° for variola virus and 72 hours at 34.5° for ovovaccine virus).* The virus suspensions so obtained were cen- 
tifuged for 10 minutes at 2500 rpm, the supernatant liquid was pipetted off and, after checking for bacterial 
contamination and infective titer, used for hemagglutination reaction, 


The hemagglutination reaction was carried out using 1 ml volumes with two-fold descending dilutions of 
virus and 1% suspension of thrice washed erythrocytes, Parallel controls were set up to check for spontaneous ag- 
glutination of erythrocytes. The intensity of the reaction was designated by plusses (++++, +++, ++, +, #, —). The 
hemagglutination tter was taken to be the final dilution of the virus which elicited visually perceptible hemag- 
glutination (4). 


Erythrocytes of the following animals were used in the experiments: cocks, chicks, developing chick em- 
bryos, pigeons, white mice, white rats, guinea pigs, rabbits, cats, dogs, rams, hamsters, piglets, frogs. Human 
erythrocytes were also used. Taking into account the available data (Masiukova,Le Khe Min® concerning the 
effect of temperature on the rate and intensity of hemagglutination reaction of vaccine viruses, the experiments 
Were staged at various temperatures (4°, 20°, 35°). The experimental results are presented in Table 1. 


As Table 1 shows, of the 15 species of erythrocytes tested variola virus elicited agglutination only in cock 
erythrocytes, The spectrum of hemagglutinating activity of vaccine virus proved to be wider: it produced ag- 
glutination of cock, pigeon, white rat, white mouse, chick and cat erythrocytes; with the exception of the first 
two cases the titer and intensity of hemagglutination were very low. The highest titer and intensity of the reac- 
tion was observed in the case of cock erythrocytes. Comparison of the hemagglutinating titers of variola virus 
and vaccine at various temperatures showed that, as a rule, the titers rose to some extent with a riss in tempera- 
ture, It must be stressed that although the vaccine virus and the variola virus possessed the ability of agglutinat- 


* Infection of chick embryos with variola virus was effected by application to the chorio-allantoic membrane, 
with ovovaccine by introduction into the allantoic sac, 
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TABLE 1 
Hemagglutinating Activity of Variola Viruses and Ovovaccine 


Cvovaccine virus | Variola virus 


reaction at temperature of 


| 


Cocks 320 | +++ + | [640 10] + | 20] + | 40] + 
Chicks oj; 20; + + 
Chick 
Pigeons 40; + + + 0;—| oj — 
White mice 0 10 20 + Oj OF — 
White rats 0 0 20 + 
Dogs — Oo; — — 
Ram oj; — oj; — oj Oj] — 
Guinea pigs 0 0 0 — 
Rabbits oj — — oi Oj — 
Hamsters 0 0 0 Oj — 
Piglet oj — oj — oj — oj — 
Frog oj; — oj; — ot — oj — 
Man oj; — — oj; — oj — 


ing cock erythrocytes the hemagglutinating titer and intensity of the reaction were considerably lower in the case 
of the variola virus, 


The differences found in the hemagglutinating activity of the two viruses for cock erythrocytes could be de- 
termined by either the individual sensitivity of the erythrocytes used or the particular properties of ths strain of 
variola virus used in the investigation, 


In order to clarify these questions we staged special experiments in which erythrocytes from 20 cock-donors 
were used, the erythrocytes themselves differing in their sensitivity to the agglutinating action of the vaccine vi- 
rus, The investigation was made with 10 strains of variola virus (3-5 passages through chick embryos) simul- 
taneously, 


Data presented in Table 2 confirmed our conclusion that the variola virus possessed weak hemagglutinating 
activity with respect to cock erythrocytes, None of the 10 strains tested gave a hemagglutination titer exceed- 
ing 80, In some strains no hemagglutinating ability could be detected under our experimental conditions, At the 
same time, a clearly consistent feature must be mentioned; hemagglutinating ability of variola virus could only 
be detected when erythrocytes highly sensitive to the agglutinating action of ovovaccine virus were used, Thus, 
erythrocytes which gave a titer of 0 to 320 with a standard suspension of ovovaccine virus did not agglutinate with 
variola virus. Agglutination appeared when erythrocytes which gave titers of 640 and higher with the same sus- 
pension of ovovaccine virus were used, The greatest hemagglutinating activity of variola virus was noted in those 
experiments in which the erythrocytes most sensitive with respect to ovovaccine virus were used, 


Unlike the vaccine virus which, beginning with the first passages through chick embryos, gives condstently 
high hemagglutinating titers, the hemagglutinating activity of variola virus remains weak and fluctuates from 
passage to passage, sometimes being completely absent (traced through 26 passages). 


North has noted that variola virus can elicit (very weakly, it is true) agglutination of chick embryo eryth- 
rocytes. In contrast to these data we did not obtain any positive results with chick embryo erythrocytes which may 
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TABLE 2 
Relation of Hemaggluunating Activity of Variola Virus to the Sensitivity of Cock Eryth- 
rocytes to the Agglutinating Action of Ovovaccine Virus 
Surains of variola virus 
Hemagglu-|*Narz”_ | *Dzh"*NKh®*Khal | “Bur” 11° |*ND* |*Uta 
hemayylutination reaction titer 
0 0 Of Of Oo 0 0 
40 0 u 0 0 0 0 0 0 0 0 
1 v 0 0 0 0 0 0 0 0 0 
: 320 0 0 0 0 0 0 0 0 0 0 
420 ) 0 0 0 0 0 0 0 0 0 
32u 0 0 0 0 0 0 0 0 
320 0 0 0 0 0 0 0 0 
320 0 0 0 0 0 v v 0 0 0 
320 0 0 0 0 0 0 0 0 0 0 
320 0 0 0 v 0 0 0 0 0 i) 
640 v 0 0 0 0 0 0 0 0 0 
640 0 0 0 0 .0 0 0 0 
640 20 0 0 0 0 0 tt) 20 0 0 
640 20 0 0 0 0 0 0 20 0 0 
640 20 0 0 0 0 0 0 20 0 0 
pa 640 20 20 fy) 0 | 2 0 0 20 0 0 
640 20 20 0 0 20 0 0 20 0 0 
1280 40 0 0 0 0 0 0 20 0 0 
1280 46 20 0 0 20 0 2U 20 20 0 
1280 8&0 20 0 0 40 0 20 20 0 0 


be explained by the fact that in out experiments less concentrated virus suspensions were used and by differences 
in individual sensitivity of erythrocytes, 


Thus, we have found that the variola virus has weak hemagglutinating activity which becomes apparent 
only with cock erythrocytes highly sensitive to the ovovaccine virus, 
SUMMARY 


Data on hemagglutinating activity of variola virus are presented in this paper. it was demonstrated that 
out of 15 types of erythrocytes obtained from various species of animals the virus of smallpox caused mild agglu- 
tnation only in case of cock erythrocytes. It was also shown that theability of the smallpox virus to cause 
hemagglutination appeared only with cock erythrocytes which were highly sensitive to the virus of this vaccine, 
This was established by experiments with 10 different strains of smallpox virus. 
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EXCRETION OF TYPHOID FEVER ANTIGEN BY THE KIDNEYS OF DOGS IN 
THE COURSE OF CHANGE IN IMMUNOLOGIC REACTIVITY 


M. Khakberdyev 


Department of Pathologic Physiology (Scientific Director — Corresponding Member Acad. Sci. USSR A.D. Ado), 
Il State Medical Institute (Dizector — Prof. O.V. Kerbikov), Moscow 


(Received September 7, 1956, Presented by Active Member Acad. Med. Sci, USSR L.A. Zil"ber) 


It has long been thought that in healthy kidneys no proteins of molecular weight higher than that of hemo- 
globin passed through the glomerular membranes [11]. It has now been shown, however, that some substances 
of molecular weight exceeding that of hemoglobin are excreted by intact kidneys [12, 13, 14}, 


As far back as 1929 Andrews, Thomas and Welker [10] postulated the hypothesis that in nephritis the kid- 
neys played a detoxicating role by excreting toxic proteins in the urine. 


Excretion of bacterial antigens and viruses in the urine has been established in many diseases (3, 5, 8). 


L.A. Zil’ber and colleagues succeeded in showing that the viruses excreted by animals are excreted by in- 
tact kidneys (6, 7} 


N.B, lafarova-Tumasheva, working in A.D. Ado’s laboratory, has shown that dysentery antigens are excreted 
by intact kidneys in rabbits [9]. 


Excretion of typhoid antigens by the kidneys has been established in patients by S.O, Blnkinym and T.F. 


Fesenko [3]. There are no references in the literature to experimental work demonstrating excretion of typhoid 
antigens, 


The present work is concerned with the study of the renal excretion of typhoid antigens in dogs in the pro- 
cess of repeated administration of the antigen, i.e., immunization, \ : 


EXPERIMENTAL METHOD 


Experiments were performed on female dogs weighing from 13 to 20 kg. Experiments were carried out in 
the mornings, in the fasting state. One hour prior to administration of antigen, water “loading” was ensured by 
giving 40-50 ml per 1 kg body weight of water. Specimens of blood and urine were taken before administration 
of antigen. The antigen was weighed out and diluted with sterile physiologic solution before the experiment, 
Complete typhoid antigen (series 293, 1955), obtained from the LI. Mechnikov Institute of Vaccines and Sera, 
was given on the basis of 0,08-0.4 mg per 1 kg body weight. Sterile 1% solution of inulin or sodium thiosulfate 
was used as nonthreshold substance, 300-400 ml of mixed solution was prepared from the antigen and inulin of 
sodium thiosulfate. One of the dog's hind limbs was fixed to the stand by binding. The needle, connected by a 
rubber tube with the bottle containing the solution, was introduced into the v. metatarsea dorsalis lateralis and = 
fastened with two strips of adhesive tape to the clipped surface of the paw. At first, the clamp on the rubber _ 
tube was fully released in order to attain a certain concentration of the test substances in the blood. Subsequently, 
the clamp controlled the amount of solution which was administered continuously in the form of drops through- 
out the experiment, at the rate of 3-5 ml per minute. At the end of 6-10 minutes after the beginning of the ex- 
periment the bladder was emptied once again and this marked the beginning of the period of clearance. The ex- 
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periment consisted of two or three periods of clearance each of 20-30 minutes* duration. During the whole clear- 
ance period the urine was collected ard in the middle of this period a specimen of blood was taken from the 
other paw. Thus, in order to evaluate the clearance of the substance under investigation the principle of making 
simultaneous determinations of another, well-known nonthreshold substance (inulin or sodium thiosulfate) was 
used, as well as continuous drip infusion of the substances concerned which gives a more constant blood level as 
compared with a single injection [4,15]. Each investigation consisted of the following stages: 


1) continuous intravenous drip of complete typhoid antigen and inulin or sodium thiosulfate; 


2) detection of antigen in the blood and in urine by complement fixation reaction in the cold and deter- 
mination of the clearance index for the antigen; 


3) colorimetric determination of inulin in the blood and in urine or fodometric determination of thiosul- 
fate in the blood and in urine,and determination of the clearance index for these substances; 


4) clinical examination of the urine for the presence of blood, albumin, ete. 


EXPERIMENTAL RESULTS 


Thirty-one experiments were performed in the course of 10 months on five healthy dogs, not previously 
immunized. The intervals between the experiments were from 9-13 to 20-30 days. The results of the experi- 
ments are presented in Table 1, With the exception of one dog (Alma) the typhoid antigen was not excreted in 
the urine after the first administration, The antigen began to be excreted in the urine beginning with the second 
experiment in the dogs Palma and Zhuchka, the third experiment in Chernushka and the fifth one in Ryzhulia, 
The minimal amount of plasma antigen which is detectable by the complement fixation reaction is 0.1 mg%e 
At this concentration the antigen is excreted in the urine. According to our data, there is no relation between 
the antigen clearance and its concentration in the blood. With identical concenzation of the antigen in the 
blood different clearance indices are noted and,conversely, approximately the same clearance is seen with differ- 
ent concentrations of the antigen in the blood, This, in our opinion, indicates a complex mechanism of antigen 
excretion rather than simple filtration. 


The antibody titer of the blood rises on repeated administration of the antigen to the dogs. However, no 
relation is noted between the renal excretion of the antigen and the blood antibody titer (Table 1), In the case 
of Ryzhulia, no antigen was excreted in the urine during the first four experiments despite a high blood antibody 
titer (1: 12860Qand subsequently different antigen clearance indices (0.14-0.37 ml/min) were found with constant 
blood antibody titer (1: 256000). Quite different antigen clearance values were found in Chernushka with a blood 
antibody titer of 1; 256000. In the remaining three dogs the clearance values were comparable with those in 
Ryzhulia despite a higher antibody titer in the latter. 


The question of the mechanism of antigen excretion is as yet unsolved. As can be seen from Table 1, some 
relation between antigen clearance and inulin clearance is observed in the case of Ryzhulia and Alma. The an- 
tigen clearance is seen to rise with a rise in inulin clearance index and, conversely, in Chernushka and Zhuchka, 
the beginning of antigen excretion coincided with the highest sodium thiosulfate and inulin clearance. Quite 
possibly the antigen is excreted as the result of increased permeability of the renal glomeruli. This suggestion is 
favored by the relation between inulin clearance and antigen clearance as well as the transient slight proteinuria 
which always accompanies antigenuria, 


From the moment of antigen excretion the inulin clearance index (or sodium thiosulfate clearance index) 
diminished in the case of Palma while in Zhuchka and Chernushka it first rose and then also decreased. This in- 
dicates that in these dogs there was toxic action of the antigen which was manifested by lowered renal filtration, 
Despite this, these dogs continued to excrete the antigen in their urine, and sometimes a rise in antigen clearance 
was noted. In two dogs — Ryzhulla and Alma — the antigen excretion was not accompanied by lowering of inulin 
clearance, but, on the contrary, a rise in the latter was observed in subsequent experiments. This indicates that 
in these dogs the filtration function of the kidneys was not lowered, 


It was stated above that antigenuria was always accompanied by slight (up to 0.5%) transient (three to six 
hours) proteinuria, No blood or renal epithelial cells were present in the urine. In order to discover the nature 
of the excreted protein, experiments were staged with anaphylactic shock in guinea pigs. These experimens 
show that serum proteins are excreted iu the urine (Table 2). There are no indications that the slight transient 
proteinuria signifies morphological damage to the kidneys. 
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TABLE 1 


Relation Between Blood Antigen and Inulin Clearance in Dogs 


Dog's |Time of antigen |§2~| | Blood and 
name adminisuadOn 1S | inulin body titer 

less | * 
Alma 21/1 1956 0.8 | OOS] 0.14 54.11 0.25 
3/il 0.3 0.15 0.35 86.26 0.4 1: 16000 
1G6/Il 07 0.4 0.08 68.08 0.11 
5/VI 06 | 0.25] 0.426] 86.05] 0.49 | 4.650009 
17/VI 0.6 1.05 0.70 82.64 0.84 
y/VIl 0.9 1.20] 0.95 120.65 0.78 
Palma 23/X1 1955 -- 62.66 
6/X1l 0.2 | 03 0.33 12.86 2.57 
22/X11 02 0.35} 0.36 16.45 2.18 1: 64000 
12/1 0.2 0.35} 0.28 17.75 1.58 
28/1 0.2 0.05; 0.8 33.34 2.4 1: 64000 
15/11 0.7 | 0.35] 0.3 27.01 1.11 
Zhuchka 1956 
Inulin only 
107.37 
23/111 1956 
Inulin only 1: 8000 
131.36 
20/V 0.2 | 0.05] 0.36 147.82 0.24 
12 0.9 0.376 79.33 0.46 1: 32000 
18/V! 0.6 0.6 0.40 78.67 0.50 1 : 128000 

Cher- 30/X1 1955 99.52 

4/1 1956 0.6 0.35 0.8 199.21 0.41 
14/i 0.1 0.35 3.25 125.00 2.6 
23/1 0.8 0.75 3.68 92.97 3.96 1: 25600 
0.35 2.69 83.6 3 21 
9/XI1 -- 46.31 
29/X11 -- 41.31 
25/1 0.4 0.15 0,24 %.77 0.27 1: 128000 
0.6 0.05 0,145 67.16 0.215 
10/1V 0.2 | 0.2 0,3 64.87 0.46 1: 256.000 
25/V 0.55 | 0.3 0.378 | 117.00 0,31 1: 256.900 
Note: 1, On April 10, 1956 Ryzhulia was subjected to an experiment in which dysen- 


tery antigen was administered, 2. In the case of Chernushka clearance was determined 


with the help of sodium thiosulfate, 


At the beginning of the discussion it was noted that in all dogs with the exception of one, there was no ex- 
cretion of antigen when it was first administered, How could this be explained? It must be mentioned that in 
those cases in which antigen was absent from the urine it was also absent from the blood, It may be supposed 
that on initial administration of antigen healthy reticuloendothelial cells quickly capture the administered an- 
tigen. The concentration of the antigen in the blood is then too low for excretion to occur. In subsequent exper- 
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TABLE 2 
Results of Experiments with Sensitization of Guinea Pigs by Urine of the Experimental Dogs 
Animal No,| Sensitization Experimental condition: and results J 
resolving injection 
1 Twice repeated sensitization (Febru- | April 26, 1956 intravenous injection +4++4 7 
ary 10 and 12, 1956) with dog urine 1 ml whole dog serum. Animal 
taken prior to antigen administra - died after five minutes, 
tion. Urine given subcutaneously 
4 (2 ml each time), 
2 Ditto April 26, 1956 intravenous injection - 
; 1 ml whole dog serum. No mani- 
3 festations of shock. | 
3 Twice repeated sensitization (April April 26, 1956 intravenous injection | ++++ 
10 and 12, 1956) with dog urine | 1 ml whole dog serum. Animal 
taken after antigen administration, | died after six minutes, pas 
2 ml urine given subcutaneously, ) 
= Amount of antigen ly in 1 ml | | 
urine, amount of protein 0.066'4e j 
4 Ditto | April 26, 1956 intravenous injection | ++++ 
| 1 ml whole dog serum. Animal | 
| died after four minutes, 
5 Twice repeated sensitization (April | April 26, 1956 inwavenousinjection | +¢ 
10 and 12, 1956) with complete ty- 1 ml whole dog serum. Piloerec- 
j phoid antigen in 1: 1000000 dilution,; tion, rapid respiration, restlessness. | 
1 2 m1 subcutaneously, | | 
: 6 Ditto | Intravenous injection 10 y antigen. + 
1 Animal not sensitized, | Intravenous injection 1 ml whole | - 
: dog serum. No manifestation of | 
shock. 
iments the toxic action of the antigen reduces the functional activity of the reticuloendothelial cells and they 
do not capture such large amounts of antigen as previously, This results in sufficient concentration of the anti- Dm 
gen in the blood to ensure excretion in the urine. . 
SUMMARY 
It was established that during immunization of dogs by the antigen of typhoid fever the iatter was excreted Bez 
by the kidneys, 
The index of clearance of the antigen varies frofn 0,08 to 3.68 m1 per minute, which constitutes from 
0.11% to 2.57% of inulin clearance and from 0.41% to 3.96% of sodium thiosulfate clearance. 
’ Excretion of typhoid fever antigen is not a process of simple filtration, but a complicated process in which 
7 both filtration and possibly reabsorption take part, 
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FURTHER STUDY OF NERVE BIOPOTENTIALS ON INTRADERMAL 
INJECTION OF ANTIGENS 


A.N. Gordienko, V.I. Kiseleva, B.A. Saakov, la.I. Azhipa, 
R.B. Tsynkalovskil, A.V. Let*ien, A.I. Egorov, I.M. Bondareyv 
aod L.I, Zhigalina 


Department of Pathologic Physiology (Director — Prof. A.N. Gordienko), 
Rostov Medical Institute (Director — Prof. E.M. Gubarev) 


(Received October 3, 1956. Presente? by Academician A.D. Speranskif) 


Our previous investigations [1] established that intradermal injection of typhoid, dysentery and paratyphoid 
vaccine elicited stimulation of receptors. The local excitation is conducted along sensory nerves to the central 
nervous system, Certain differences are noted in the character of the nerve biopotentials when different vaccines 
are administered which indicates certain specificity of receptor excitation elicited by one or another antigen, 


The present work is a continuation of those investigations and consists of studies of the character of bioelec- 
tric potentials on intradermal! administration of B. coli and staphylococcus antigens, 


EXPERIMENTAL METHOD 


Experiments wore performed on dogs. Dissection and division of the auditory nerve were carried out under 
hexenal anesthesia, Separate nerve bundles were placed on electrodes with interpolar distance of 3 mm; the 
electrodes and the nerve were placed within a thin rubber tube. 


The biopotentials were recorded with the help of an amplifier of AMN SSSR manufacture. Experiments 
were staged in a screened chamber. The records were made on a moving strip of oscillographic paper, using a 
9-loop oscillograph ("Siemens and Halske > 1951 model), The antigen was given inwadermally in the dose of 
0.2 mL Vaccines prepared at the Rostov Institute of Vaccines and Sera, containing four billion cells per ml, 
were used in the experiments, 


EXPERIMENTAL RESULTS 


In the first series of experiments (14) changes in the bioelectric activity of the auditory nerve on intrader- 
mal injection of B. coli and staphylococcus vaccine were studied. 


Prior to vaccine injection action potentials of 35-50 cps frequency and amplitude of 4 to 12 wv were re- 
corded from the auditory nerve. Sometimes biopotentials of 20-25 cps and amplitude of 5-10 yv were seen, 


Immediately after injection of B. coli antigen a slight increase in amplitude of 35-50 cps activity was ob- 
served, as well as isolated potentials of the “spike” type. The electric activity remained essentially unchanged 
in character over a périod of 0.5-0.8 minutes. After 1-3 minutes continuous impulses of fast frequency and with 
sharp wave forms and high amplitude appeared. The bioelectric activity diminished on the seventh minute and 
after 10-12 minutes returned almost to the initial state (Figure 1). 
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Records of biopotentials after administration of physiologic solution were made as controls. No changes 
apart from rare single ~paroxysms* were observed. 
Administration of ©.2 ml staphylococcus antigen produced a rapid reaction which manifested itself in 


fast oscillations, occurring in trains or singly, and in high voltage slow waves. In some cases diphasic waves of 
high amplitude were me 4 The reaction reached a maximum on the second to fifth minute and in most cases 


ceased by the tenth minute (Figure 2), 


Fig. 1. Changes in electrical activity of the auditory nerve after intradermal injection 
of B. coli: a) initial background; b) immediately after injection of antigen; c,d,e,f, 
g) the same, 1, 3, 5, 7 and 10 minutes after injection of antigen. 


Fig. 2. Cuanges in electrical activity of the auditory nerve after inuadermal injection 
of staphylococcus antigen: a) initial background; b) immediately after injection of 
antigen; c,d,e,f,g) the same, 1, 2, 3, 4 and 5 minutes after injection cf antigen, 
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In the second series of experiments an attempt was made to discover to what extent he phenomena ob- 
served depended on the influence of the central nervous system. It could be postulated that intradermal injec- 
tion of the antigen caused a pain reaction and the latter gave rise to a reflex contraction of the muscles of the 
ear which was recorded as changes in nerve biopotential. Such a suggestion could be excluded on the basis of 
the reaction developing under anesthesia, However, for the sake of greater certainty, we staged experiments 
with transection of the auditory nerve, 


Asin the first series, dissection of the auditory nerve was performed under anesthesia; the nerve was then 
divided. The peripheral part of the nerve was dissected and the separate fibers placed on electrodes in a rubber 
tube. The rest of the procedure was the same as in the first series of experiments, 


These experiments showed that intradermal injection of B. coli vaccine elicited the appearance of fast 
activity of “paroxysmal discharge* and “spike® type in the peripheral part of the sectioned nerve also, 


In some experiments in this series part of the auditory nerve fibers was sectioned and part left intact, with 
subsequent simultaneous recording from the peripheral end of the transected nerve and from the intact nerve, 


Intradermal injection of antigen caused a more rapid and stronger reaction in the transected nerve. 


Fig. 3. Changes in electrical activity of intact auditory nerve (upper) and peripheral 
end of wansected auditory nerve (lower) after administration of staphylococcus antigen; 
a) initial background; b) immediately after injection of antigen; c,d,e,f,g,h) 30 sec- 
onds, 1, 3, 5, 7 and 10 minutes after antigen injection, 


Similar experiments were staged with administration of staphylococcus antigen, Intraderma] injection of 
staphylococcus antigen gave rise to a quick reaction with the appearance of diphasic, sometimes monophasic 
negative potentials (up to 20-30 yv with sharp outlines) in the nerve. Simultaneous recording from intact and 
peripheral end of wansected nerves showed that a marked reaction to administration of staphylococcus antigen 
occurred in both, The reaction in tse peripheral end of the transected nerve then increased and fairly frequent 
sharp wave biopotentials were observed (Figure 3). 


The present experiments undoubtedly indicate that B. coli and staphylococcus antigens elicit direct stim- 
ulation of cutaneous receptors which become uansformed into excitation manifested by changes in the biopoten- 
tials of a sensory nerve. The latter depends not on contraction cf muscles but on stimulation of receptors by the 
antigen. The central nervous system exerts an influence on the process of receptor excitation and alters some- 
what the character of the impulses which finds expression mainly in the rapidity with which the reaction appears 
and the amplitude of the potentials. 


SUMMARY 


It was established by experiments on dogs that the intradermal injection of the antigen of B. coli caused 


490 


= 
- — 
= 
Wate 


q stimulation of receptors, This results in the change of oscillations of the bioelectric potentials of a sensory nerve, 
These changss take place In Intact as well as in divided (peripheral portion) nerves, 


“4 Intradermal Injection of staphylococcus antigen causes characteristic change: in the action potentials in ; 
Pa sensory nerves, which differ from the osciilations of potentials taking place when B. coli are injected intader- 

mally. Antigens are able to stimulate the skin receptors, There,during the process of excitation, the simulation 

is transformed and causes changes of biopotentials fn the sensory transmitters, 
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RELATIONSHIP BETWEEN THE SITE OF ANTIGEN ACTION IN THE BODY 
AND THE SITE OF ANTIBODY PRODUCTION (AS EXEMPLIFIED BY 
IMMUNIZATION WITH TETANUS ANATOXIN) 


COMMUNICATION II. DYNAMICS OF TETANUS ANATOXIN RESORPTION IN THE BODY 
USING INTRA MUSCULAR AND INTRAVENOUS IMMUNIZATION 
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Department of General Pathology (Director — Academician A.D. Speranskil), 
Institute of Normal and Pathologic Physiology (Director — Active Member Acad. Med. Sci. USSR 
V.N, Chernigovskii), Acad. Med. Sci. USSR, Moscow 


(Received September 25, 1957. Presented by Active Member Acad. Med, Sci. USSR N.N. Zhukov-Verezhnikov) 


In recent years there has been an extreme growth of interest, both in the Soviet Union and abroad, as to the 
questions of antigen resorption in the body. This is not surprising: the site of introduction of the antigen, the 
routes and rate of its further spread, duration of its presence in the general circulation and in various organs and 
ussues (being the origin of the developing immunizing process) determine the latter's character and intensity to 
a considerable degree. Therefore, investigation of antigen resorption in the body becomes one of the most im- 
portant forms of analysis of processes of immunity formation. 


Literatuze data on reserption of tetanus anatoxin in the body are very scant. Thus, Ramon and Felchetti [12], 
using indirect methods, showed that as early as the first nine hours after subcutaneous injection a considerable 
amount of anatoxin is resorbed into the bloodstream, After injection of alum-precipitated anatoxin its presence 
at the site of injection could be traced for a period of 20 days [1}. It is known (13) that the dynamics of resorp- 
tion of even closely related (physicochemically and immunologically) antigens may be quite different. Glenny‘s 
{11} and Christensen's [9] data must be mentioned, with these reservations; according to these authors intramus- 
cularly injected foreign serum protein enters the blood chiefly during the first three days after the injection. 


The present work is concerned with investigation of the time relationships between the presence and con- 
tent of tetanus anatoxin at the site of injection and in the blood serum of animals following intramuscular and 
intravenous immunization. In view of the marked difference in effectiveness of these methods of immunization 
(4, 6), parallel investigation of the antigen resorption processes could prove to be valuable with respect to selec- 
tion of the site of antigen injection, the distribution of the substrate rezcting to the antigen and the temporal 
norms of the immunizing action, 


EXPERIMENTAL METHOD 


All the experiments were performed on rabbits (chinchilla variety) of both sexes (predominantly male), 
weighing from 1.6 to 2.9 kg; the experiments were carried out at different times of the year. Immunization was 
achieved with tetanus anatoxin series No, 336-4 (received from the N.F. Gamalei Institute of Epidemiology and 
Microbiology), containing 75 antitoxin fixation units per 1 mL The anatoxin was given in the dose of 0.5 ml in- 
to the rectus femoris muscle or into the pinna vein. 
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In the first series of experiments the antigen content at the site of injection (muscle) was investigated one 
to three days after immunization, This was achieved by extirpation of the muscle at appropriate intervals under 
sterile conditions; the muscle was then homogenized in a glass homogenizer® at 300 rpm, in a volume of phys- 
fologic solution three times that of the weight of the muscle, until disappearance of visually perceptible tissue 
particles. The whole operation was performed at 0°. Absence of anatoxin destruction in the process of homo- 
genizing was shown in special experiments. The concentration of the anatoxin in the homogenates was deter- 
mined by the Becher method modified as by us (8), administering the homogenates to mice in admixture with 
equilibrated amounts of tetanus anatoxin (1/50 L) and antitoxin (0.004 AU/ml). Control groups of mice received 
under similar conditions muscle homogenates from unimmunized rabbits (pure contro)) and with admixture of 
anatoxin in various dilutions (control with anatoxin). Comparison of the severity of intoxication of the experi- 
mental and control groups of mice permitted conclusions concerning the presence and concentration of anatoxin 
in the homogenates under investigation and hence concerning the antigen content of the muscles, 


EXPERIMENTAL RESULTS 


As can be seen from Table 1, 24 hours after immunization the muscle still contains 25 # 15% of the anti- 
&-f gen introduced into it. Anatoxin was found in the muscles of all the eight rabbits examined, the individual de- 
terminations giving results which agreed with the value cited above. It may thus be considered as established 
that a temporary anatoxin depot is formed in the muscle following introduction into it of the usual immunizing 
dose of anatoxin; this depot is almost completely depleted between the first and third day after immunization, 
although traces of anatoxin are evidently still present after this interval, This latter fact required further investi- 
gation in the light of the consistency of temporal summation of anu gea action on the body and its possible sig- 
nificance in the mechanism of high effectiveness of intramuscular immunization as compared with intravenous, 


In order to detect traces of antitoxin in muscles during the late stages of resorption (three to five days) we 

used a revaccinating test based on the high sensitivity of immunized animals to repeated administration of the 

: antigen.** Muscle homogenates from immunized rabbits were prepared as described above and were kept in the 
cold (at 0*) for one to four days after which they were strained through several layers of sterile gauze; the fil- 
trates obtained were centrifuged for three minutes at 2-3000 rpm, the supernatant liquid was collected and the 
deposit discarded, The muscle extracts so obtained (constituting about 1/4 of the original homogenates by vol- 
ume) were introduced into the quadriceps femoris of the recipient rabbits immunized two to five months prior to 
the experiment with 0.5 ml anatoxin given into the same muscle, Each recipient rabbit received the whole of 
the muscle extract from the corresponding donor (3.5-7 ml), The use of extracts was connected with the fact 
shown by previous experiments in which administration of whole homogenates caused abscesses in the recipients. 
Special experiments showed that concentration of anatoxin in the extracts corresponded to the anatoxin concen- 
tration in the homogenates from which they were prepared, Ten days after administration of the extracts the re- 
cipients’ blood serum antitoxin titer was determined and compared with the titer before extract administration, 
Recipients given muscle extracts from unimmunized rabbits served as controls, 


Table 2 shows that extracts from muscles extirpated three days after immunization produced in the major- \ : 
ity of recipients a characteristic revaccination effect. This can also be taken to confirm the presence of traces . 
of antigen in the muscle three days after immunization. When extracts of muscles extirpated five days after im- 
munization were used, however, the majority of recipients did not react perceptibly to administration of the ex- 
tacts. The high sensitivity and specificity of the test used must lead to the conclusion that resorption of ana- 
toxin from muscle is practically finished (i.e., from the point of view of its role in formation of the immuniza- 
tion effect) after three to five days following immunization.*** However, the possibility is not excluded that 
the traces of antigen found after three to five days are accounted for by admixture of blood which, as will be 
shown below, also contains anatoxin during this period. The true duration of antigen resorption from the muscle 
can therefore be somewhat shorter, but in any case must be over 24 hours, 


*For description of apparatus and technique of homogenizing see [7], Ch. XL 
**After finishing the present series of experiments we became aware that a similar method was used by Vol- 
gin 

***It is known [3] that sensitivity to repeated administration of antigen after short intervals of time (5-15 days) 
is much lower than after two to six months. Applying this rvle to our material it is possible to conclude that if 
the anatoxin content of muscle five days after immunization Is insufficient to elicit a revaccination effect in re- 
cipients it is all the more insufficient for participation (being resorbed into the blood stream) in formation of im- 
munity in donors, 
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The next problem was to discover the way in which the temporary deposition and subsequent resorption of 
the depot reflected on the dynamics of blood anatoxin content. This problem was particularly important in view 
of the widespread opinion that the effectiveness of intramuscular (and also subcutaneous) method of immuniza- 
tion as compared with intravenous is connected with the more prolonged circulation of antigen. In order to clar- 
ify this question we made a comparative study of antigen concentrations in the blood of rabbits immunized fotwa- 
muscularly and intravenously at different intervals (one to five days) after immunization, In the first experiment 
of this series ten rabbits were immunized with tetanus anatoxin, five intramuscularly and five intravenously. 

Blood specimens were taken one to three days later and the sera obtained were givon separately to mice in ad- 
mixture with equilibrated doses of toxin and antitoxin, Comparison of the severity of intoxication in these mice 
and in control animals who had received blood sera taken prior to immunization under analogous conditions, pro- 
vided evidence for the presence of anatoxin in the sera being tested. Comparison of the severity of intoxication 
among the various groups of mice also permitted determination of whether the blood of rabbits immunized intra- 
muscularly contained more or less antitoxin than blood of rabbits immunized intravenously. Subsequently addi- 
tional investigations were made in a similar way of blood sera from a further eight rabbits (four immunized intra- 
muscularly and four intravenously) taken three days after insmunization. Since the results proved to be identical 
the data obtained have been pooled (upper half of Table 3). In the third experiment of the present series a com- 
parison was made between the antitoxin fixation activity of sera taken from four rabbits three to five days after 
intramuscular immunization, Since, during this experiment, the reactivity of the mice to the toxin proved to be 
lowered, the results obtained, together with the control ones, are presented separately in the lower part of Table 3. 


As shown in Table 3, anatoxin is found in the blood serum of animals over a period of three days, regard- 
less of whether they were immunized intramuscularly or intavenously. One day later its concentration in the 
blood of animals immunized intramuscularly is noticeably lower than in those immunized intravenously. After 
three days this difference is evened out to some extent and, although the previous sign remains, scatter of mate- 
rial throws doubt on its authenticity. Finally, by the fifth day concentration of antigen in the blood cf rabbis 
immunized intramuscularly drops sharply to levels which cannot be detected by the present method, Determina- 
tion of absolute concentrations of antigen in blood is not the special problem of this investigation. Nevertheless, 
it proved possible in some cases to establish the order of this value with the help of a scale derived from data of 
control experiments (not shown in table): in blood serum taken one day after intramuscular immunization — 

0,03 -0,15 AFU/ml* (the most probable concentration 0,05-0,08 AFU/ml); after three days — less than 0,08 
AFU/m1 (most probable concentration 0.03-0.05 AFU/ml); one day after intravenous immunization — above 
0.08 AFU/ml (inost probable concentration 0,1-0,15 AFU/ml); after three days — value of the same order as af- 
ter intramuscular immunization, 

Thus, at none of the intervals tested (up to the limits of the method's sensitivity) were higher concentra- 
tions of antigen found in the blood of animals immunized intramuscularly as compared with those immunized 
intravenously, This fact had to be checked with the help of a more sensitive method and at time intervals at 
which the former method proved ineffective, i.e., five days after immunization, The revaccination test was used 
for this purpose: the sera under investigation were introduced (1 ml) into the recipient-rabbits’ quadriceps muscle; 
the rabbits had been immunized with tetanus anatoxin three to four months prior to this procedure. As can be 


seen from Table 2, only half the recipients showed the characteristic revaccination effect, regardless of the meth- 


od of immunizing the donors, Consequently, the absence of substantial difference in blood anatoxin content of 
the animals immunized intramuscularly and intravenously can be considered as canfirmed. 


Comparison of results obtained on determination of anatoxin content of muscte and blood shows good cor- 
respondence, Retention of part of the antigen in the muscle during the first 24 hours determines its lower concen- 
tration in the blood as compared with intravenous immunization. Subsequently, the concentrations of antigen in 
the blood become evened out in the two methods of immunization, which is explained by parallel disappearance 
of antigen from the muscle, The fact that temporary retention of antigen in the muscle does not affect the dura- 
tion of circulation of antigen in the blood can be explained by the relatively short duration of this retention and 
also probably by partial binding and destruction of antigen by muscle tissue and regional lymphatic elements. 


It is important to note that the duration of circulation of tetanus anatoxin in the blood approaches that of 
other molecularly -dispersed protein antigens (6, 9, 10] and is considerably longer than circulation of corpuscular 
vaccine antigens (2) or so-called complete antigens [5]. Parallel with determination of blood antigen content in 


*AFU antitoxin-fixation unit. 
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TABLE 3 


Determination of Relative Content of Tetanus Anatoxin in Rabbit Serum After Intra- 
muscular and Intravenous Iminunization 


2 2 ce Results of expt. (M #2m) 
Method of im- ro anima 
munization = z Nature of expt. E %dead Which | 
z As 
. | Sera to mice a +0 
Intramuscular 5 [2.0 mixtuse with 10 3.740.3) 6.8+0.3 
1 | 1/50 Ly toxin 
and 0,004 +0 
intravenous 5 |2.3 AU/ml ani- | 
toxin 
Intramuscular 9 2.2 36 86+12 | 4 7+0.4) 5.340.5 
Intravencus 9 | 36 | | 4.440.4] 5.940.5 
lood sera before 16 25422 | 6.040.7| 2.8+0.6 
Conwol immunization 
+0 
100—— 
Ditto + anatoxin in 4 —13 3.540.4) 7.020.4 
_1/1000 dilution 
3 10 | g9 +20] 5.540.6 4.640.7 
Intramuscular 4 2.5 = —27 
5 +18 
10 = 2.040.2 
lood sera before | +18 1,940.3 
immunization — —0 
Control 40 
he same + anatox- | 6 10 3.841.3] 6.741.3 
| in in 1/1000 dilu- | 


rabbits immunized intramuscularly and intravenously we investigated selectively the antitoxin titer in the same 
animals on the 21st day after immunization, In agreement with previously obtained data no antibodies were 
found in any of the five rabbits immunized intravenously, whereas all nine rabbits immunized intramuscularly 
had an average blood antitoxin titer of 0.20 ¢ 0.05 AU/ml. No immunizing effect followed intravenous immun- 
ization despite the fact that anatoxin was circulating in the rabbits’ blood and five days later could still elicit a 
clear revaccination effect in other rabbits when the serum was given intramuscularly (Table 2). 


Analysis of material obtained allows the conclusion that, despite temporary deposition of part of the anti- 
gen when immunization is effected intramuscularly, the high effectiveness of this method of administration of 
antigen as compared with intravenous cannot be explained by special dynamics of circulation of antigen in the 
blood: It may be postulated in connection with this that in primary intramuscular immunization the action of 
the antigen impinges on organs and tissues reached by the antigen prior to its entry into the general circulation, 


in particular the regional lymphatic apparatus, Further proof of this hypothesis will be furnished in our next 
communication, 
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SUMMARY 


The content of anatoxin was examined at the site of its injection (the muscle) and in the blood serum in 
one to five days after inuamuscular and intravenous immunization. Temporary storage of a certain part of the 
antigen was noted in the muscle within one to three days, This antigen could be demonstrated in the blood for 
a period of three to five days, Its inwamuscular injection during that period had no promoting effect on the in- 
crease of the antigenic concentration in the blood, Therefore, it is assumed that the higher efficacy of the in- 
tramuscular method of immunization (as compared with the Intravenous) is connected with its action on the re- 
gional! lymphatic apparatus and not with the more prolonged circulation of the antigen in the blood, 
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7 a (Received October 4, 1957. Presented by Active Member Acad. Med. Sci. USSR V.N. Chernigovskil) 


a The significance of the functional state of the central nervous system in the mechanism of development of 
o- anaphylaxis was first shown by A.M. Bezredka [2]. It was subsequently confirmed by other investigators [1,6 and 
others}. 

a= At the same time, the results of a number of investigations devoted to the study of the role of various parts 
. of the central nervous system (including its highest levels) in the mechanisms involved in anaphylactic shock 

(3, 5, 7, 8) carried out by means of surgical intervention at various levels of the CNS do not disclose the role of 


the nervous system in the process under consideration and do not provide data for a positive solution of this prob- 
lem. 


We decided to investigate the course of anaphylactic shock in dogs under conditions of long-term experi- 
ments with unilateral and complete decortication. 


EXPERIMENTAL METHOD 


The animals were sensitized by subcutaneous injection of normal horse serum (0,1 ml per 1 kg body weight) 
administered during the course of three days. The resolving dose of the same antigen was given intravenously on 
the 14th day after the last day of sensitization (control animals received 0,02-0.3 ml per 1 kg body weight, ex- \ 
perimental animals 0.02-0.027 ml per 1 kg body weight). Clinical manifestations, changes in pulse, respiration \ 
and blood pressure served as indicators of the intensity of shock. Blood pressure was recorded by the bloodless 
method [4] from the carotid artery which had been exteriorized in a skin flap. 


EXPERIMENTAL RESULTS 


The clinical picture of anaphylactic shock was studied preliminarily on five control dogs. 1'/,-2"4 minutes 
after administration of the resolving dose of antigen the animals showed general motor excitation accompanied 
by barking, squealing, sometimes involuntary micturition and vomiting lasting 1.5-2 minutes, This was followed 
by an inhibitory phase: the animal sagged in the stand, the head drooped, the tongue and oral mucosa became 
pale with a cyanotic tinge, salivation became increased. The blood pressure showed a tendency to rise during 
the excitatory phase (in some cases this rise could be recorjed). It then fell to 60 mm Hg, in some instances so 
sharply that the carotid artery pulse disappeared from the kymogram record. After three to seven minutes the 
blood pressure began to rise gradually. The beginning of changes in the pulse coincided with the appearance of 
the first signs of excitation and found expression in increased rate and rapid diminution of volume; not infre- 
quently, the pulse became “thread-like* Respiration became deeper and mors rapid in the first phase but with 
development of general motor inhibition its depth decreased with the appearance, in some cases, of periodic sin- 
gle respiratory movements of greater depth; this was followed by a graduai return to normal 
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As a rule, all the phenomena described developed in the course of 20 minutes at the end of which time 
they disappeared, which is characteristic for shock of small degree, produced by small doses of horse serum (0,02 
ml per 1 kg body weight). Administration of 0.1 ml antigen per 1 kg body weight resulted in extremely severe 
shock with bloody diarrhea which was still present even after 24 hours; administration of 0.3 ml anugen per 1 kg 
body weight led to fatal outcome in some cases, Following the injection of the resolving dose a state of transient 
desensitization supervened, lasting not longer than 48 hours. In the majority of the dogs it was possible to repro- 
duce the shock reaction up to 15 times by means of frequent repeated adiminisuation of antigen (at three to five- 
day intervals); the intensity of anaphylactic shock gradually diminished but not before the sixth-seventh exper- 


iment, 
Four dogs were used for experiments with unilateral decortication. Two of these were sensitized before de- 
cortication (one five months, the other six months before operation), Anaphylactic shock was produced in these 
animals before decortication, The other two dogs were sensitized after the operation, beginning from the fifth to 
eighth postoperative day. In all cases the cortex was first removed from the right cerebral hemisphere. On the 
22nd-23rd day postoperatively all the animals were given a resolving dose of antigen (0.02 ml per 1 kg body 


weight) intravenously. 
Development of anaphylactic shock was observed in all cases; its intensity was no different from that de- 
scribed in the case of control animals and in one dog (Snezhok) the reaction was more marked than in the con- 
trols (Figures 1 and 2). This result agrees with the data reported by V.A. Cherepova [7]. 


The data of this series indicate that the state of sensitization can be produced in an animal subjected to 
unilateral decortication by the usual dose of antigen and over the same period of time as in intact animals. 


Thirty to thirty-nine days after the first operation these dogs were subjected to extirpation of the cortex of 
the other (left) hemisphere, under morphine -ether anesthesia. Fifteen days after complete decortication the 


animals received a resolving dose of antigen, 
No shock reaction occurred in the case of the dog Tsyganka, There was no change in pulse and respiration, 

while the blood pressure even showed a rise amounting to 30 mm Hg and only towards the end of the experiment 
i (after 20 minutes) returned to normal. The dogs Norka and Snezhok showed no clinical manifestatious of shock 

apart from slight motor reaction lasting throughout the experiment and quite uncharacteristic for shock. Pulse 

volume was unchanged and pulse rate tended to slow towards the end of the experiment (Norka's pulse rate 

changed from 36 per minute to 52, Snezhok's from 72 to 64). The blood pressure in both dogs showed a gradual 

fall (maximal drop was only noted by the 12th-13th minute) Norka's blood pressure decreased by 48 mm, Sne- 


zhok's by 19 mm Hg. Respiratory changes were slight (Figure 3). 


Finally, marked clinical shock reaction with characteristic changes in pulse, respiration and fall of blood 
pressure by 62 mm Hg without complete return to the initial level at the end of the experiment (180 mm Hg be- 
fore the injection and 160 at the end of experiment) was observed in the dog Chernaia after administration of a 


resolving dose of antigen, 

Thirty days after complete decortication the same animals again received a resolving injection of antigen 
(with the exception of Snezhok). No change in behavior and no signs of shock with respect to pulse ard respira~- 
tion were noted in Tsyganka and Norka. There was some rise of blood pressure: in Norka's case by 24 and in 
Tsyganka‘s by 14 mm Hg. Shock reaction occurred in Chernaia but it was much less marked than in the previous 


experiment; the blood pressure fell by 38 mm Hg. 
Bilateral decortication {s thus seen to lead to lowered reactivity of the body to antigen stimulus. Change 
of reactivity evidently occurs gradually and takes longer in some animals than others, This may perhaps ex- 


plain the negative results obtained by Schurer and Strasmann [8], V.N. Nekliudov [5] and I.M. Britvan [3] who 
showed that under conditions of short-term experiments decortication or decerebration did not affect the course 


of anaphylactic shock to any great extent. 
The next series of experiments was performed on two dogs sensitized six months after bilateral decortica- 
tion. Administration of the resolving dose of antigen was made on the l4th day after the last day of sensitiza- 
tion, External manifestations characteristic for shock were absent, the pulse rate and volume were unchanged, 
and there was only some increase in the depth and frequency of respiratory movements. In repeat experiments 
on the same dogs the antigen dose was increased 2.5-fold (0.05 ml per 1 kg body weight). The pulse was un- 
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Fig. 1. Change in blood pressure and respiration in the dog Snezhok during anaphylac- 
tic shock before decortication, Records from above down; blood pressure (mercury 
manometer), carotid artery pulsation, respiration, stimulus marker (2dministration of 
horse serum 0,02 ml] per 1 kg body weight), time marker (one second), 
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Fig. 2. Change in blood pressure and respiration in the dog Snezhok during anaphylac- 
tic shock 25 days after unilateral decortication. Records from above down as ia Fig. 1. 


changed in one dog; in the other the rate increased by 20 per minute without change in volume, There was 
some increase in depth and rate of respiration compared with the first experiment. Clinical manifestations of 
shock were absent. oh 
The results of this series and the cata obtained in the previous series of experiments suggest that decortica~ 
tion is accompanied by lowering of the body's reactivity, the degree of lowering increasing with the length of ‘ 
postoperative period. 
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Fig. 3. Change in blood pressure and respiration in the dog Snezhok during anaphylac- 
tic shock 15 days after compicte decortication, Records the same as in Figure 1, Time 


marker (10 seconds), 


Dynamic observations, carrizd out in long-term experiments on dogs, and concerned with the character 
and intensity of anaphylactic shock after two-stage decorticatioa suggest that sensitization and anaphylactic 
shock develop in hemidecorticated animals in the usual way aud to the same extent as in control animals. Fol- 
lowing bilateral decortication sensitization develops but manifestation of shock reaction is markedly ditninished, 
which may be explained tentatively by lowering of the general reactivity of the body including its reactivity to 
antigen stimulus, The lowering of reactivity proved to be progressively greater the longer the postoperative 


period. 


SUMMARY 


Following unilateral Jecortication, the condition of sensitization and anaphylactic shock develops 1u dogs 
with the same doses of antigen (horse serum) as in intact animals. Fifteen days after removal of the second hemi- 


sphere the intensity of the shock reaction, appearing as a result of introduction of the same dose of the antigen 
was greatly decreased. One inonth after complete decortication the manifestations of anaphylaxis were even less 


pronounced, The intensity of anaphylactic shock was especially low six months after bilateral decortication, 
This demonstates that bilateral decortication decreases the reactivity of the animal organism to the antigenic 


stimulus, 
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ONCOLOGY 
{ THE ANTIGENIC PROPERTIES OF TUMORS WHEN CULTIVATED ON THE 


CHORIOALLANTOIC MEMBRANE OF THE CHICK EMBRYO 


T.P. Kunstantinova and Z.I. Rovnova 


From the Ivanovskii Institute of Virology (Director Prof. P.N. Koslakov) 
of the Acad. Med. Sci. USSR, Moscow 


(Received September 7, 1957. Submitted by Active Member Acad. Med. Sci. USSR N.N. Zhukov-Verezhnikov) 


Work has been reported recently pointing out the possibility of prolonged cultivation of tumors on the 
chorioallantoic membrane of the chick embryo. In the Institute of Virology of the Acad. Med, Sci. USSR, in 
Prof. A.K. Shubladze's laboratory a Crocker's sarcoma was cultivated for a long time by T.M. Maevskaia. To 


date this tumor has already undergone over 100 passages, and still retains its tumor-forming properties towards 
mics, 


However, the nature of the tumor-forming agent, which survives for such a long time in heterotransplanta~ 
tion, has not yet been elucidated. Neither is it known whether the tumor loses any of its properties during cultiv~- 
.o ation, or retains them fully, despite the prolonged development in a foreign environment, 


A comparative study of the antigenic properties of the original and transplanted tumors makes possible a 
detailed immunological analysis of the changes in the antigenic structure of the tumors when cultivated on the 
chorioallantoic membrane of the chick embryo. 


| There is no unanimity in the literature on the question of the preservation by heterotransplanted mmors of e. 
: their antigenic properties, Some authors for instance (11, 12, 13, 17) consider that the antigenic properties of = 


hetcrotransplanted tumors are preserved, while others [1, 5, 16, 18] come to the conclusion that the antigenic 
properties of the tumors undergo variation during the process of heterotransplantation and that the tumors lose 
the antigenic properties of the primary host and acquire the properties of the new host. However, these authors 
have not undertaken the task of differentiating the antigens of the tumor cell or of ascertaining which of these 
antigens are changed in the process of cultivation, 


It has recently been shown that human wmor cells have a complicated antigenic structure. Besides the 
antigens present in the normal human cell — group -specific, type-specific and Rh [6, 7] — tumor cells are charac- 
terized by the presence of specific tumor antigens [2,4, 15}. In human tuimor cells [9], as in the cells of normal a 
5 tissues [liver, 8], the existence of proteins identical with those of the serum has been proved. ~ 


The antigen structure of tumors in animals has been less fully studied. As in the case of human tumors, 
animal tumors are known to contain specific tumor antigens [3, 14} 


The aim of the present investigation was to study the species-specific antigens of tumors in animals and 
also to make a comparative analysis of the species-specific antigenic properties of tissue of Crocker’s mouse 
sarcoma before and during cultivation on the chorioallantoic membrane of the chick embryo. 


EXPERIMENTAL METHOD 


For the immunological investigation we used tissue of an ascitic form of Ehrlich’s adenocarcinoma, Crock- 
er’s sarcoma and M-1 sarcoma, and liver tissue of mice and rats. Heterotransplants of Crocker’s sarcoma on the 
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chorioallantoic membrane of the chick embryo were also studied, 


The investigation of the species-specific antigen in the cells of the chorioallantoic Crocker’s tumor was 
mainly carried out from material from the first passage, obtained as follows. The Crocker’s tumor, freshly ex- 
cised from a mouse, was cut into pieces 2 mm Jn diameter under sterile conditions and, after treatment for 30 
minutes with penicillin and streptomycin was transplanted onto the chorioallantolc membrane of a nine to ten 
day chick embryo close to the blood vessels or else directly over their ramification. In 372 embryos surviving 
the experiments tumors developed in 337, or 90.6% On the 18th-19th day of incubation of the embryo (at 37°C) 
the culuvated tumor was excised from the chorioallantoic membrane, carefully freed from traces of the latter, 
and weighed, In one experiment we usually used tumor from 15 to 17 embryos, amounting to 3.5-4 g. 


After each passage the biological properties of the tumor and its ability to grow in the body of a mouse 
were tested. For this purpose tumors after the first or second passage were transplanted back into mice; the 
tumors became established and grew in all mice inoculated. In addition, to the first passage of Crocker’s tumor 
onto the chorioallantoic membrane of the chick embryo, we also tested tumors after the 2nd, 3rd, 6th and 14th 
passages.® 


For investigation of the species-specific antigens,precipitating sera from rabbits against mouse and rat pro- 
tein were obtained, Rabbits were immunized with the sera of these animals according to the usually accepted 
method of preparation of precipitating sera, 


For the work we used precipitating sera with an antibody titer not less than 1:10,000, 


For detection of species-specific serum proteins in the cells of the animal tissues for examination we used 
the method introduced by P.N. Kosiakov for the detection of species-specific antigenic substances in the cells of 
human dssues and tumors [8, 9} 


Tumor and liver tissue (3.5-4 g), washed free from erythrocytes, was finely chopped up in a mortar for 
¥,-1 minute in order to obtain cells (ascitic ceils of the Ehrlich's adenocarcinoma were used in the experiment 
without any special preliminary preparation), The tumor and liver cells so obtained were washed in 10% saccha- 
rose solution (pH = 7.2) or else in physiological saline until the washings were free from serum protein. Examin- 
ation of the final washings with saccharose solution by the precipitation reaction was carried out after dialysis 
for 16 hours against physiological saline. In order to completely remove the serum proteins from the surface of 
the cells of the tumors end tissues, washing five to seven times was required. 


After washing the cells were finely ground with a pestle or crushed with glass and extracted with physlolog- 
ical saline for 20 minutes, The cell extract was centrifuged for 30 minutes at the rate of 10,000 revolutions per 
minute and then tested by the precipitation reaction. A clear ring at the place of contact of serum and antigen 
was expressed by the sign +, an indistinct ring by 2 and no reaction by ~ The presence of protein in the wash- 
ings and in the cell extracts was detected by the ring precipitation test with 20% sulfosalicylic acid. 


EXPERIMENTAL RESULTS 


The resuls of the investigation of the species-specific serum protein in tumor and rat and mouse liver tis- 
sue cells are given in Table 1, 


It can be seen from Table 1 that the first washings of tumor and liver tissue cells contained a certain 
amount of serum proteins, In the second and third washings (not shown in the table) the amount of serum pro- 
teins detected was very small or else none was present. As a mule the Sth, 6th, and 7th washings were free from 
serum proteins, demonstrating the complete removal of contaminating serum proteins from the tumor and liver 
cells as a result of washing. 


Investigation of the extracts obtained from the ground-up mmor and liver celis for the presence of species- 
specific serum proteins showed that on maceration of these cells the extract is found to contain proteins identical 
with serum proteins and reacting with the corresponding precipitating sera. 


The absence of serum proteins from the final washings and their appearance in the extract from the macer- 


*Material from 2nd, 3rd, 6th and 14th passages of Crocker’s tumor for this investigation was kindly made avail- 
able to us by T.M. Maevskala, towhom we should like to record our thanks. 
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ated cells shows that these proteins are 
derived from the cells, 


As already pointed out above, the 
cell extracts obtained were also tested 
with sulfosalicylic acid, whereupon it was 
shown (Table 1) that by maceration of the 
cells a large quantity of cytoplasmic pro- 
tein, distinct from serum protein, enters 
the saline solution. 


Thus the experiments which we 
performed showed that animal tissue and 
tumor cells contain species-specific antl- 
gens identical with serum proteins, 


Since by transplantation of the tu- 
mors onto the chorioallantoic membrane 
of the chick embryo the tumor finds itself 
in a foreign environment, it was of great 
interest to find out if the species-specific 
serum antigen was preserved in the cells 
of the tumor after the first transplantation 
onto the chorioallantols of the chick em- 
bryo. 


It can be seen from Table 2 that 
the final washings of the intact cells of 
the Crocker's tumor after first transplant- 
ation do not contain mouse serum protein, 
as shown by the negative reaction of the 
washings with precipitating serum to 
mouse protein, There fs very little pro- 
tein in the final washings as was seen in 
the test with sulfosalicylic acid, After 
maceration of the cells of the transplanted 
Crocker’s tumor, cytoplasmic proteins ap- 
peared in the extract in large quantity and 
gave a clear ring of precipitate with sulfo- 
salicylic acid ia an antigen dilution of 
1;128. However, missing from these pro- 
teins was a species-specific protein, iden- 
tical with serum protein, which may be 
noticed by the absence of reaction with 
mouse protein antiserum, 


Results of the precipitation reaction with various dilutions of antigen 


protein 
Sulfosa icylic acid 


protein 
protein 
Sulfosalicylic acid 


Precipitation reaction set up with 
Ditto 


Precipitating serum to mouse 
Precipitating serum to mouse 
Precipitating serum to mouse 


Sulfosalicylic acid 


On investigation of Crocker’s sarco- 
ma tssue after the 2nd, 3rd, 6th and 14th 
transplantation on the chorioallantois of 
the chick embryo, the results obtained 
were identical with those described above; 
species-specific serum protein was not 
found in these tumors afcer passage. 


We examined the sera of rabbits 
immunized with Crocker’s mouse tumor 
and also with a Crocker’s tumor grown 
during the first transplantation on the cho- 


lst Transplantation 
of tumor 


Crocker's sarcoma 


4th cell washings 
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TABLE 2 

Antigen tested 

Extract of cells after maceration 
3rd cell washings 

Extract of celis after maceration 


Ditto 
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rioallantois to see if the serum contained precipitating antidodies to species-specific mouse protein, As a control 
we used serum from tssue of a normal chorioallantole membrane of an 18 to 19-day-old chick embryo, We as- 
sumed that if mouse serum protein was preserved In the transplanted Crocker’s tumor, which we did not find by 
means of the precipitation reaction, rabbits immunized to the wansplanted tumor must have produced precipl- 
tating antibodies to it, The rabbits were immunized with saline extracts of the ussues listed above according to 
a scheme adopted in our laboratory [10}, 


TABLE 3 


Comparative Examination of the Sera of Rabbits Immunized to Crocker’s Mouse Tumor 
and to the Same Tumor After First Transplantation onto the Chorioallantoic Membrane 
of the Chick Embryo 


No, of 
rabbit 


Antigen for immunization Results of the precipitation reaction 


with various dilutions of mouse serum 


Crocker’s mouse sarcoma 


1st transplantation of tumcr onto 


choioallantoic membrane 


Normal chorioallantoic mem- 
brane 


As can be seen from Table 3, precipitating antibodies to mouse protein serum were produced only by those ae 
rabbits which were immunized with a Crocker's tumor taken from a mouse, Furthermore rabbits Nos, 125 and 
250 produced antibodies in quite a high titer (1:160). In not one of the rabbits immunized with a Crocker’s tu- 
mor cultivated after first wansplantation on a chorioallantols of a chick embryo were antibodies produced to 
mouse serum protein, It may be assumed that in the second group of rabbits, immunized by transplanted Crock- 
ers tumor, that because precipitating antibodies to species-specific mouse protein were not produced, this pro- 
tein was not injected into the rabbits, since it was not present in the cell extracts of the transplanted tumors. ig 


It was thus possible to show in two mutually confirmatory experiments that species-specific serum antigen, \ i 
present in Crocker’s mouse sarcoma, is lost after only one transplantation of the tumor onto the chorioallantoic 
membrane of the chick embryo, 


On cultivation of Crocker’s tumor on the chorioallantoic membrane of the chick embryo the tumor loses 
its species-specific serum antigens after only one transplantation. 


However, the loss of this antigen by the tumcr transplanted onto the chorioallantois does not mean com- 
plete loss by the tumor of its species properties. It may be that the species specificity of the heterotransplanted 
tumor is determined by the presence of other antigens. However, the absence of the species specific serum an- 
tigen for which we tested is evidence of changes in Crocker’s tumor with heterctransplantation onto the chorio- 
allantoic membrane of the chick embryo, 


The species-specific serum antigen entering into te composition of the tumor cell is evidently not im- 
portant in respect to the blastomogenic properties of the tumor since, in spite of the loss of this antigen, the m- 
mor cultivated on the chorioallantoic membrane of the chick embryo preserves the ability to be transplanted into 
mice and to grow. 
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SUMMARY 


The presence of the species-specific antigen, identical to serum proteins was established in the cells of 
Ehrlich’s ascitic cancer, Crocker’s sarcuma, sarcoma M-1, as well as in the cells of the normal liver of mice 
and rats, When Crocker’s tumor was cultivated on the chorloallantoic membrane of chick embryo the species- 
: specific antigen could not be detected even after the first inoculation, However, the tumor retains its blastomo- 


genic properties with regard to mice, 
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CULTIVATION OF HUMAN TUMORS ON THE CHORIOALLANTOIC MEMBRANE 
OF THE DEVELOPING CHICK EMBRYO 


D.M. Levina and V.A. Parnes 


From the Department of Immunology and Malignant Tumors (Head — Active Member Acad. Med, Sci. USSR 
L.A. Zil’ber) of the N.F, Gamaleia Institute of Epidemiology and Microbiology 
(Director — Prof. S.N. Muromtsev) of the Acad. Med. Sci. USSR, Moscow 


(Received June 21, 1957. Submitted by Active Member Acad. Med, Sci. USSR LA. Zil'ber) 


Numerous attempts to cultivate human tumors on the membranes of chick embryos have not, in the major- 
ity of cases, given clear results (1,5,6,7,15} The tumors sometimes survived [5, €, 11, 12}, lasting for a few 
transplantations, and then without exception died [1,3, 6,9]. Attempts to cultivate human tumors on the mem- 
branes of preliminarily frradiated eggs [13] or after preliminary cultivation of the tumor in vitro [8] were also 
unsuccessful. Only after preliminary wansplantation of the tumors into rate and hamsters treated with cortisone 
was it possible to cultivate three human wmors on the chorioallantoic membrane [4, 14}. Successful cultivation 
of human tumors has also been reported by A.K. Shubladze [2]. 


In consideration of the difficulty of cultivating human tumors on the membranes of the chick embryo we 
attempted to use in the cultivation the method of subculture of normal tissue. This method was proposed in 1951 
by Mikhelson for cultivation of the virus of foot and mouth disease in the chick embryo. 


EXPERIMENTAL METHOD 


For the cultivation 28 human tumors were used, consisting of one carcinoma of the body of the uterus, four 
carcinomas of the cervix cf the uterus, one chorionepithe oma, three fibromas of the uterus, one papillary car- 
cinoma of the ovary, one metastasis from carcinoma of the ovary in the peritoneal cavity, twelve papillomas of 
the urinary bladder, one papilloma of the urinary bladder undergoing malignant change, two carcinomas of the 
urinary bladder, one papilloma of the urethra and one melanoma.* in addition, in parallel] experiments we cul- 
tivated normal bladder tissue from human embryos, 


The tissue for cultivation was used fresh (two to four hours after operation) or in a frozen condition, Freez- 
ing was carzied ovt at —70°C in a mixture of dry ice and acetone, The frozen tissue was kept until the experi- 
ment at —20°C for 2 to 65 days. 


Before being implanted in the egg the tumor material obtained at operation was washed with physiological 
saline and areas of necrotic and fatty tissue were removed with sterile precautions, and after cutting it into small 
pieces it was placed for 20-30 minutes in a solution of penicillin and streptomycin. Before the experiment the 
frozen tissue was thawed. Implantation was carried out on the chorioallantoic membrane of five-to tem-day-old 
embryos, most commonly six-to-seven-day. 


The method of subculture consisted of simultaneous cultivation of a piece of tumor with a piece of formal 


*We are grateful to Prof. A.P. Frumkin and Drs. LN. Pogozheva and S.A. Smirnova for making available the 
operation specimens. 
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human embryonic tissue. For subculture we used most commonly embryonic bladder tissue which has well- 
marked histogenetic properties, In a series of experiments on cultivation of carcinoma of the cervix of the ute- 


rus, we subcultured pieces of tissue froin the cervix of the embryonic uterus, 


The subcultured tissue was brought into close contact with the implanted piece of mor. We assumed that 
the subculmred normal human tissue would facilitate adaptation of the tumor tissue. Material for subculture was 
used both in the fresh and frozen form, usually the latter. In six experiments tumor extract, taken for wansplant- 
ation, was inwoduced additionally onto the chorioallantoic membrane besides the tumor and normal embryonic 


tissue. 
The eggs containing implanted pieces of tumor were incubated at 37°C for seven to ten days (until the 
embryos were 13-15 days old). At the end of this period they were opened for examination, If the pieces on 
superficial examination appeared shining and covered with vessels enveloping them with chorioallantoic mem- 
brane, then their viability was demonstrated and they were cut into three or four pieces which were implaated 
in other eggs. Transpla::tation of the pieces of tumor continued for as long as it was possible to find them on the 
chorioallantoic membrane at the place of implantation and their outward appearance was satisfactory. 


EXPERIMENTAL RESULTS 


On implantation of very small, average and large (up to 1 mm*) pieces of tumor tissue it was found that 
very small picces rapidly undergo complete lysis while the average and large pieces in some cases were pre- 
served for a long titnc. Frozen tumor tissues were preserved longer and produced a more intense reaction in the 
chorioallantoic meibrane than fresh tissues, The first passage of tumor tissue was successful in the great major- 
ity of cases: out of five to six pieces of tumor one or two and sometimes three were preserved. The pieces were 
enveloped in chorioallantoic membrane, and between its vessels white tumor tissue could be distinguished, On 


dying, the pieces appeared dull and dark in color. Such pieces were usually absorbed. 


In spite of the fact that some tumor implantates could be kept in an outwardly viable condition through 
many passages, the tumor cells gradually died away. Vascularization of the pieces was incomplete and the true 
size of the tumor implantate and mitoses could not be found (except one case). The reaction of the chorioallan- 
toic membrane itself in many cases was so violent that a hollow impression was created where the implanted 


tumor was growing. 
The su:ninarized results of the experiments on cultivation of pieces of tumor tissue are shown in the table. 


Fig. 1. Cultivation on the chorioallantoic membrane of the 
chick embryo of tissue from a metastasis of carcinoma in the 


peritoneal cavity. Ist passage, egg No. 320. 
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Cultivation of Human Tumors and Embryontc Tissues on the Chorioallantoic Membrane of the Developing Chick 
Embryo 


Number of 
successive 
transpiant- 
ations 
without 
subcultures 


Number of 
successive 


Total number 
of successive 
transplanta- 
tions of pieces 
of tissue with 
and without 
subcultures 


Character of tumor or tissue 


Carcinoma Cervix of the uterus 3 5 8 
oi Urinary bladder 4 4 8 ta 
° Body of the uterus 1 3 4 ‘a 
Multiple fibroma Uterus 1 2 3 <4 
Carcinoma Cervix of the uterus 1 4 5 ; 
Fibroma Uterus 1 3 4 dee 
Carcinoma Cervix of the uterus 1 0 1 5, 
Fibroma Uterus 2 1 3 a 
Carcinoma of the ovary*® Metastasis in the peritoneal 1 0 1 ae 
cavity 
Papillomas® Urinary bladder 1 0 1 i 
Carcinoma® 1 0 1 
Chorione pithe toma Uterus 2 0 2 ‘ 
Chorione pithe Homa® 3 3 
Papillary carcinoma® Ovary 3 0 3 : 
Melanoma - 6 0 6 
Papillomas Urinary bladder 10 0 10 "g 
° ° 1 0 2 
Papillomas with malignant : . 1 0 1 
i transformation 
i ° Urethra 2 0 2 zs 
Urinary bladder 1 0 1 
; 1 0 1 
G 1 0 1 
Embryonic tissue 1 0 1 
= 1 0 1 
Fragment of chick embryo = 1 0 1 


chorioallantoic membran 


Embryonic tissue 


Urinary bladder 


* Tumor extract was introduced onto the chorioallantoic membrane. 


The normal embryonic urinary bladder tissue used for subculture was itself able, as shown in experiment 
XXI to survive and preserve its viable condition throughout several transplantations, 


On histological examination, carried out by V.V. Suntsova, true growth of the implanted tumor tissue or 
the occurrence of mitoses (with the exception of one case with subculture) could not be established. Evidently, 
the survival of the tumor cells was only temporary. 


transplant- 
ations 
with sub- 4 
culture 
4 
XXI 4 0 4 
I 
af 
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brane, and by hemorrhages. In Figures 1 and 2 are shown, in their natural size, pieces of tumor at the site of 
implantation on the embryonic membranc, Their dimendons considerably exceed those of the piece originally 
implanted (1 x 1 mm), but this Is not tue growth of the implanted tumor but the result of the reaction to it of 


the tissue of the egg. 


Fig. 2. Cultivation on the chorioaliantoic membrane of 
the chick embryo of a choric2epithelioma, 3rd passage, 
egg No. 425. 


Nonspecific nodular proliferations, as we know, may appear on the chorioallantoic membrane even from 
the action of physiological saline, broth 2nd emulsion of normal chorioallantoic membrane [1, 10}. Human tu- 
mor tissue is evidently an even stronger stimulant cf the membranes of the chick embryo, 
SUMMARY 
Twenty -eight human tumors of various localization and suucture were cultivated on chorioallantoic mem- 
brane of developing chick embryo. True growth of the mumors could not be obtained. Small parts of tumors sur- 
vive for a short time and cause turbulent reaction in the chorioallantoic membrane. These pieces may be re- 
transplanted, but later they are subjected to destrucdion and resolution. When normal human embryonic tissue 
was introduced — this only promoted a more prolonged preservation of the transplantate. However, it did not re- 
sult in the true growth of transplanted tumors. Small pieces of papilloma of the urinary bladder appeared to be 
the most viable and withstood nine tansplantations, 
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The reaction of the choricallantoic membrane to transplantation of the tumor was expressed in the form 
f of marked edema of the membrane and by chronic inflammation with hyperplasia of all the layers of the mem- 
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MORPHOLOGY AND PATHOMORPHOLOGY 


THE EFFECT OF THE MODE OF ADMINISTRATION AND THE DOSE OF A 
CARCINOGENIC AGENT ON THE DEVELOPMENT OF MORPHOLOGICAL 
CHANGES IN THE FOCUS OF TUMOR FORMATION 


Klimenko 


D. 


From the Laboratory of Pathornorphology (Head — Corresponding Member Acad. Med. Sci. USSR A.A. Solov'ev) 
of the Institute of Normal and Pathological Physiology (Director ~ Active Member Acad, Med, Sci. USSR 
V.N. Chernigovskil) of the Acad. Med. Sci, USSR, Moscow 


(Received August 5, 1957, Submitted by Active Member Acad. Med. Sci. USSR V.N. Chernigovskil) 


It has been shown experimentally [1, 2,4, 6, 11, 12, 16, 17, 19 etc.) that the development of sarcomas in- 
duced by carcinogenic substances is preceded by various types of change in the Ussues at the site of application 
of the carcinogen. However, insufficient attention has been pald to the analysis of these reactive phenomena 
preceding tumor development, and especially of their importance in the outcome of the process, 


In our work, which is devoted to the pathogenesis of induced sarcomas, we set out to stmdy the reactive 
changes arising in consequence of the administration of a carcinogenic agent and also in the later stages of the 
process of tumor formation, and to determine their importance for the outcome of this process, Naturally, we 
were particularly interested in the adaptive reactions which could be concerned in delaying this process or 
bringing it to an end. In order to investigate these reactions more thoroughly and to assess their importance we 
used various methods of subcutaneous application of the carcinogen (in oil, in animal fat and in the crystalline 
form), and also various doses of the agent. 

As we know from reports in the literature the same carcinogen, depending on the solvent, will produce dif- 
ferent amounts of tumor [9, 10, 14, 18, 23 etc.), and also depending on the solvent, the duration of the process of 
tumor formation (the latent period) is different. The quantity of mor produced depends also on the doses of 


the agent. 

However, these authors cited are concerned only with the end results of the experiments, and do not scru- 
tinize sufficiently closely the differences between them which are revealed by a comparative study of the de- 
velopment of the morphological changes throughout the whole process — from the moment of administration of 


the carcinogen to the formation of the tumor, 
We consider it useful to make comparisons at the separate stages of the process which were recognized dur- 
ing the investigation and which were characterized by definite reactive manifestations, 


EXPERIMENTAL METHOD 


A proces: of tumor formation was induced in rats with 9,10-dimethyl-1,2-benzanthracenc. The carcino- 
genic substance was injected subcutaneously in a crystalline form (1 mg) and dissolved in two solvents — in peach 
oil (0.3, 0.5, 1 mg) and in rat fat (1 ing). The animal: were Killed at intervals of 24 to 300 days after injection 

of the agent. Altogether 254 rats were used in the experiments. Material for histological examination was fixed 
in 12% neutral formalin and in Zenker formol Sections were stained with hematoxylin-eosin, picrofuchsin, tol- 
uidine blue, Sudan III, iron wioxyhematein by Hansen's method, and silver impregnation by Foot's method, 
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EXPERIMENTAL RESULTS 


Twenty -four hours after injection of the dissolved (in ofl or fat) carcinogen into the subcutaneous tissue of 
the animal an intense inflammatory reaction was observed, with marked edema and large numbers of polymor- 
phonuclear cells surrounding numerous cavities containing the carcinogenic substance dissolved 1 ofl or fat. Oa 
the following days (two to five) degeneration and destruction of the polymorphonuclear leucocytes was observed, 
with an increase in the number of macrophages, histiocytes and fibroblasts; signs of phagocytosis of fat droplets 
appeared, At the same time in the substance and on the surface of the skin at the site of injection of the agent 
an accumulation of fatty droplets and of larger masses of fat were observed. This was evidence of secretion of 
carcinogen onto the surface of the skin through the tssue spaces and the hair sheaths and sebaceous glands. In 
spite of the considerable quantity of carcinogen, on the 10th to 20th day the number of cells around the cavities 
showed a marked reduction, However, cellular infiltrations, in which lymphoid cells predominated, appeared at 
some distance from the cavities containing the agent, in an area bounded by the skin and the underlying skeletal 
muscles, 


A 


eo 
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Fig. 1. Hyperplastic processes in the neighborhood of injected 
carcinogen: a) carcinogen in rat fat (75th day); b) carcinogen 
in crystalline form (165th day). 


» 


As a rule che injection of carcinogenic substance dissolved in rat fat causes a more intense inflammatory 
reaction than when dissolved in vegetable oil, Around the cavities a more numerous leucocytic infiltration was 
noted and the phenomena of phagocytosis rapidly reached a high degree of development and remained well de- 
fined throughout the subsequent stages of the process. Participation of giant cells in the assimilation of carcino- 
gen in fat was more marked than in assimilation of carcinogen in oi!, While the cavities with 2 fatty solution 
of carcinogen were quite quickly reduced in size and number, the oily solution of the agent remained unchanged 
in numerous larger cavities for a long time. 


Thus the reactive processes in the first stage (inflammation) lead only to partial removal! of the dissolved 
agent from its main depot. The inflammatory reaction ends with the agent still present in the cavities formed 
in the connective tissue, 


In the second stage (sclerc:zis), besides the deve lopment of connective tissue which as a rule undergoes a 
period of hyalinosis, a cellular reaction was continued in the form of infiluwations, mainly of lymphoid cells, at 
some distance from the agent. At the same period (45th to 60th day) proliferation of fibroblasts was observed in 
the peripheral areas of the focus, 


On administration of the agent én rat fat, proliferation of fibroblasts, accumulation of mucopolysaccharides 
and the appearance of argyrophylic fibers were observed earlier than if injected in an oily solution. However, 
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the development of sclerotic changes reached a high degree when the carcinogen was given dissolved in ofL 


The character of the sclerotic changes in the second stage was reflected by the development and course 
of the proliferative processes in the third stage of the condition (hyperplasia). For example the solution of the 
agent in rat fat, causing a less marked sclerotic process, was accompanied by great developmem of hyperplastic 
changes, leading in turn to the earlier appearance of a tumor than after administration of a solution of the agent 


in ofl (Figure la). 


During the formation of a focus of malignant growths (State IV), around the accumulations of proliferating 
cells with some signs of atypia the appearance of round cell infiltrations with a predominance of lymphoid cells 
was observed almost as a rule. On injection of an oily solution of the carcinogen, accumulations of these cells 


reached a more considerable size than when rat fat was used as a solvent (Figure 2). 


~ 


Fig. 2. Carcinogen in oil, 200th day. Focus of incipient malig- 
nant change of cells surrounded by a round-cell infiluation with 


predominance of lymphoid cells. 


rophages and as free droplets, This fat was transported from foci of destruction of fatty tissue, as confirmed by 
the reduction in the number of fat cells in the area of distribution of the carcinogenic substance and by phago- 
cytosis of fat in the foci of destruction. The dry substance was removed from its depot very slowly, following 
solution, Sometimes the epithelium of the skin took part in this process, by ingrowing in the direction of the 
deposit of crystals and after surrounding them, took on an eliminatory function, as described by V.G. Garshin, 


On fajection of the carcinogenic substance in a crystalline form sclerotic changes in the neighborhood were par- 


ticularly well developed. In a number of cases the sclerotic process spread far beyond the limits of the main 


focus, extending to the adjacent skeletal muscles, and surrounding and isolating groups of muscle fibers (Figure 3). 


This was confirmed by atrophy, destruction or conversion into myoblastic cells. As a result of changes of this 
sort rhabdomyosarcomas may arise. 


The hyperplastic processes following the use of the agent in the dry form did not reach such proportions as 
when dissolved carcinogen was used (Figure 1b). This form of application of the agent led to the appearance of 
a relative’ small quantity of tumor and after a longer interval of time than with other forms of administration, 


A study of the morphology of the precancerous period after injection of carcinogen dissolved in peach oil 
in a dose of 0.5 and 0.3 mg showed that whereas the general character of deve lopment of the process with smaller 


Injection of the carcinogenic substance in the crystalline form produced a less intense inflammatory reac- 
tion than injection of the carcinogen in solution, Around the mass of crystalline substance, surrounded by poly- 
morphonuclear leucocytes, an accumulation of fat was observed from the first few days, both contained in mac- 
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doses was the same, the individual reactive manifestations were more strongly expressed than with a dose of 1 mg. 
The inidal inflammatory reaction pursued a more intensive course, the accompanying phagocytosis was more ac- 
tive, the sclerosis more pronounced and the round cell infiltration expressed to a greater degree in the period of 
formation of the focus of malignant growth. Where the lymphoid infiltration was well marked, the formation of 
the mmor process was sometimes considerably retarded, 


Our investigations showed that while the various methods of application of the agent by subcutaneous in- 
jection do not change the general character and succession of the changes observed in the precancerous period, 
they do affect the degree of expression of the reactive manifestations during each individuai stage, and thus, in 
turn, may be reflected in the outcome of the process, i.e., in the development of the tumor itself. The import- 
ance of the state in which the agent is administered is shown even in the first, inflammatory stage. On injection 
of carcinogen in solution, resorption of the agent is observed to a greater degree, especially when dissolved in 
rat fat. On injection of the agent in powder form this process is drawn out over a long time, which undoubtedly 
has an effect on the course of subsequent stages of the process, 


Ate 


Fig. 3. Crystalline carcinogen, 901i. day. Scierosis, spreading 
to the adjacent skeletal muscles, Residual altered muscle fibers 
surrounded by hyaline connective tissue, 


The mode of application of the agent affected the character of development of the sclerotic changes in 
the second stage of the process. These changes were most pronounced and ‘videspread in response to injection of 
the crystalline carcinogen, and on the other hand, were least pronounced and localized where the agent was dis- 
solved in rat fat. These alterations in the character of the sclerotic changes were to some extent reflected in the 
next stage — hyperplasia. While with pronounced sclerosis (the crystalline substance) the hyperplastic processes 
rarely develu,<d to a high degree, with incomplete sclerosis (fatty solutions) these processes developed earlier 
and reached more considerable proportions. The degree of hyperplasia may in turn be connected with speeding 
up the malignant change in some cases and in others with the appearance of tumors in small amount and at later 
periods. 


In experiments by Rush [24] in which hydrocarbons were administered in the form of powder, tablets or 
crystals, tumors also developed less quickly ard in a smaller number of animals. Rat fat, used in our experiments 
as a solvent, produced a more intensive inflammatory reaction, It enabled the removal of a larger quantity of the 
carcinogen from the focus and, presumably, from the body. Furthermove, the carcinogen which was dissolved in 
it caused a more pronounced hyperplastic process and led more rapidly to malignant tansformation. 


The facts which we obtained thus do not confirm the opinion of certain workers of the *anticarcinogenic® 
action of homologous fat [9, 10, 13, 16, 17], nor the results of those workers who do not find any difference in the 
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acuon of the agent when various fats are used as solvents (15, 20}. This may be due to different experimental 
conditions (carcincgenic substance, dosage, animals). 


The greater activity of the carcinogen when dissolved in rat fat in our experiments may be explained by 
the fact that homologous fat may facilitate the action of the carcinogenic agent on the cells and tissues of the 
animal, including the nervous system, exposed under the influence of the carcinogen to functional and structural 
changes [1, 5, 8 ete.}. 

Besides the above-mentioned adaptive reactions which are regularly observed in the course of experi- 
mental tumor formation, we observed throughout the precancerous period and in the beginning of the cancerous 
period cellular reactions of a protective and adaptative character, but not so constantly found. We have in mind 
round-cell infilirations, composed to a large extent of lymphoid cells which are known to be of importance in 
the immunoblological reactions of the bedy. In transplantation of tissues infiltrations of this sort are evidence 
of the heterogencity of the transplanted tissue. It is possible that in conditions of malignant transformatica this 
reaction indicates the appearance of tissue of a heterogeneous character. It is more pronounced in animals re- 
ceiving dry carcinogen and solution of the agent in vegetable oil, and less so in animals receiving carcinogen 
dissolved in rat fat, 
In view of the fact that the individual reactive manifestations of a protective and adaptative character 
were more pronounced with smaller doses of the carcinogen, it may be asserted that carcinogen in small doses 
and in a less active form (dry substance or oily solution of carcinogen) causes less disturbance of the mechanism 
of the protective and adaptative reactions than larger doses, or even of the same dose but admiaistered in the 
form of a solution which facilitates its carcinogenic action (in our experiments — rat fat), 


SUMMARY 


The effect of subcutaneous application of 9,10-dirnethyl-1,2-benzanthracene on the process of tumor form- 
ation was studied, Different doses of this preparation were tested, i.c,, 1.0 mg in crystalline form, 1.0 mg ia 

rat fat, 1,0, 0.5 and 0.3 mg in peach oil, Various methds of introduction of the stimulant did not affect the reg- 
ular change of the stages of this process (inflammation, sclerosis, hyperplasia, formation of the focus of malig- 

; nant growth), However, the method of application and the dose influcnced the degree of reactivity during sepa- 

j rate stages, The differing character of inflammatory reactions (stage I) influenced the deve lopment of sclerotic 
changes (stage II), which in turn had an effect on the degree of developmeni of hyperplastic changes during the 
Illrd stage. In certain cases more rapid carcinogenesis could be connected with pronounced hyperplastic changes, 
in others — with appearance of a small number of tumors which formed later. The above data allow us to draw 
a conclusion that the protective -adaptive reactions which are observed in the focus of tuinor formation may de- 


termine one or another outcome of the whole process, 
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BULLETIN OF EXPERIMENTAL BIOLOGY AND MEDICINE IN ENGLISH TRANSLATION 


} April, 1958 
CONTENTS 
Russ, 
Page 
page 
PHYSIOLOGY 
Participation of Acetylcholine in the Process of Accommodation and Parabiosis of the 
Nerve Trunk, L, N. Zeflroy and O, S, Kochnev 393 3 
The Nervous Regulation of Cardiac Rhythm in Fish, Communication I, The Vagus Nerve 
in Fish — an Efferent Path of Double Reflex Influences on the Cardiac Rhythm, B, S, 
Properties of Cold Receptors, L. M, Kurilova and S. L. Bliakher.ccccccccecccesee 403 13 
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Mammals, A. B, Vishnepol ski WT 17 
Receptors of the Osmoregulating Reflex. L, K, Velikanova. 411 21 
The Reflex to *Time® in the Artificial Electrodefensive Reactions of Dogs. GL 
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Secretion in Dogs, A. Nikolove 420 30 
Investigation of the Vitamin P Activity of a Soluble Preparation of Rutin, K, M, 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 
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« 000606 430 39 
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ferentation, V. N, Drozdova 4393 42 
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The Influence of the Punctional State of the Central Nervous System upon the Penicile 
lin Therapy of Experimental Staphylococcic Infections, V. S, Nevstrucva.sscocee 450 57 
Hematological Changes Following Infection of Animals with the Virus of Epidemic 
Influenza, A. A, Korovifi 453 69 
BIOCHEMISTRY AND BIOPHYSICS 
Effect of Massive Doses of Adrenalin on the Protein Metabolism of the Myocardium of 
Rats, Z. L, Vedenceva 409 67 
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ABBREVIATIONS MOST FREQUENTLY ENCOUNTERED 
IN RUSSIAN BIO-SCIENCES LITERATURE 


Abbreviation 
(Transliterated) Significance 


AMN SSSR Academy of Medical Sciences, USSR 

AN SSSR Academy of Sciences, USSR 

BIN Biological] Institute, Botanical Institute 

FT! Institute of Physiotherapy 

GONTI State United Sci-Tech Press 

GOST All Union State Standard 

GRRRI State Roentgenology, Radiology, and Cancer Institute 
GTTI State Technical and Theoretical Literature Press 

GU State University 

IKhN Scientific Research Institute of Surgical Neuropathology 
IL (IIL) F oreign Literature Press 

IONKh Inst. Gen, and Inorganic Chemistry (N. S. Kurnakov) 

IP Soil Science Inst. (Acad, Sci, USSR) 

ISN (Izd. Sov. Nauk) Soviet Science Press 

Izd. Press 

LEM Laboratory for experimental morphogenesis 

LENDVI Leningrad Inst, of Dermatology and Venereology 

LEO Laboratory of Experimental Zoology 

LIKhT Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
LIPZ Leningrad Inst, for Study of Occupationa) Diseases, 

LIPK Leningrad Blood Transfusion Institute 

Medgiz State Medical Literature Press 

MOPISh Moscow Society of Apiculture and Sericulture 

MVI Moscow Veterinary Institute 

MZdrav Ministry of Health 

MZI Moscow Zootechnical Institute 

LOKhO Leningrad Society of Orthopedic Surgeons 

NIIZ Scientific Research Institute of Zoology 

NINKhI Scientific Research Institute of Neurosurgery 

NIU Scientific Institute for Fertilizers 

NIUIF Scientific Research Institute of Fertilizers and Insecticides 
NIvI Veterinary Scientific Research Institute 

ONTI United Sci. Tech, Press 

OTI Division of Technical Information 

RBO Russian Botanical Society 

ROP Russian Society of Pathologists 

SANIIRI Cenual Asia Scientific Research Institute of Irrigation 
SANIISh Central Asia Scientific Research Institute of Sericulture 
TsNII All-Union Central Scientific Research Institute 

TsNTL Cental Scientific and Technical Laboratory 
VASKBNIL All-Union Academy of Agricultural Sciences 

VIG All-Union Institute of Helminthology 

VIEM All-Union Institute of Experimental Medicine 

VIR All-Union Institute of Plant Cultivation 

VIUAA All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 
VIZR All-Union Institute of Medica] and Pharmaceutical Herbs 
VNIRO All-Union Scientific Institute of Fishing and Oceanography 
ZIN Zoological Inst. (Acad, Sci. USSR) 


Notes Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us, ~ Publisher, 
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RUSSIAN JOURNALS FREQUENTLY CITED 


Abbreviation* 


Agrotiol, 

Akusherstvo i Ginekol, 

Anu bioukd 

Aptechnoe Delo 

Arkh, Anat. Gistol, i Erabriol, 


Arkh, Biol, Nauk SSSR 

Arkh, Patol, 

Biofizika 

Biokhimiia 

Biokhim, Plodov i Ovoshchel 
Bot. Zhur. 

Biull, Eksptl, Biol. 1 Med, 


Biull, Moskov, Obshchestva Ispytateled 
Prirody, Otdel Biol, 

Doklady Akad, Nauk SSSR 

Eksptl, Khirurg. 

Farmakol, i Toksikol, 

Farmatsiia 

Fiziol, Rastenii 

Fiziol, Zhur, SSSR 


Gigiena i Sanit, 
Izvest, Akad, Nauk SSSR, Ser. Biol, 


Izvest, Tikhookeanskogo N, I, Inst, 
Rybnogo Khoz, i Okeanog, 

Khirurgiia 

Klin, Med, 

Lab Delo 

Med, Parazitol, 

Med, Radiol, 

Med. Zhur, Ukrain, 

Mikrobiologiia 

Mikrobiol, Zhur. 

Nevropatol, Psikhiat, i Psikhogig, 

Ortoped., Travmatol, i Protez. 

Parazitol, Sbornik 

Pediatriia 

Pochvovedenie 

Priroda 

Problemy Endokrinol, i Gormonoterap, 


Problemy Gematol. 


Problemy Tuberk, 
Sovet, Med, 

Sovet, Vrachebny Zhur. 
Stomatologiia 

Terap, Arkh, 

Truéy Gelmint. Lab, 
Trudy Inst, Genet. 


[Biological Sciences] 


Journal*® 


Agrobiologila 

Akusherstvo i Ginekologila 

And biodki 

Aptechnoe Delo 

Arkhiv Anatomil Gistologil i Embriologit 


Arkhiv Blologicheskikh Nauk SSSR 

Arkhiv Patologil 

Biofizika 

Biokhimila 

Biokhimiia Plodov Ovoshchel 

Botanicheskii Zhurnal 

Biu'leten Eksperimentalnoi Biologii i Meditsiny 


Biulleten Moskovskogo Obshchestva Ispytateled 
Prirody, Otdel Biologicheskil 

Doklady Akademi Nauk SSSR 

Eksperimentalnaia Khirurgiia 

Farmakologiia i Toksikologiia 

Farmctiia 

Fizlologila Rastenti 

Fiziologicheskii Zhurnal SSSR im. 1. M. 
Sechenova 

Gigiena i Sanitarila 

Izvestiia Akademii Nauk SSSR, Seriia Biologi- 
cheskala 

Investiia Tikhookcanskogo N, I, Instituta 
Rybnogo Khoziaistva 1 Okeanografli 

Khirurgiia 

Klinicheskaia Meditsina 

Laboratornoe Delo(po Voprosam Meditsiny) 


Meditsinskaia Parazitologiia i Parazitarnye Bolezni 


feditsinskaia Radiologiia 
Medichnii Zhurnal Ukrainskil 
Mikrobiologiia 
Mikrobiologichnii Zhurnal 
Nevropatologiia, Psikhiatriia i Psikhogigiena 
Ortopediia, Travmatologiia i Protezirovanie 
Parazitclogicheskii Sbornik 
Pediatriia 
Pochvovedenie 
Priroda 
Problemy Endokrinologit i Gormonoterapli 


Problemy Gematologii i Perelivaniia Krovi 


Problemy Tuberkuleza 

Sovetskaia Meditsina 

Sovetskii Vrache bnyi Zhurnal 
Stomatologiia 

Terapevticheskii Arkhiv 

Trudy Gelmintologicheskoi Laboratoriia . 
Trudy Instituta Genetiki 


* LIBRARY OF CONGRESS TRANSLITERATION SYSTEM. 


(continued) 


Translation 


Agroblology 

Obstetrics and Gynecology 

Antibiotics 

Pharmaceutical Transactions 

Archives of Anatomy, Histology, and 
Embryology 

Archives of Biological Science USSR 

Archives of Pathology 

Biophysics 

Biochemistry 

Biochemistry of Fruits and Vegetables 

Journal of Botany 

Bulletin of Experimental Biology and 
Medicine 

Bulletin of the Moscow Naturalists Society, 
Division of Biology 

Proceedings of the Academy of Sciences USSR 

Experimental Surgery 

Pharmacology and Toxicology 

Pharmacy 

Plant Physiology 

I, M, Sechenova Physiology Journal USSR 


Hygiene and Sanitation 

Bulictin of the Academy of Sciences USSR, 
Biology Series 

Bulletin of the Paciiic Ocean Scientific 
Instiwute of Fisherics and Oceanography 

Surgery 

Clinical Medicine 

Laboratory Work (on Medical Problems) 

Medical Parasitology and Parasitic Diseases 

Medical Radiology 

Ukrainian Medical Journal 

Microbiclogy 

Microbiology Journal 

Neuropathology, Psychiatry and Psychohygiene 

Orthopedics, Traumatology and Prosthetics 

Parasitology Collection 

Pediatrics 

Soil Science 

Nature 

Problems of Endocrinology and Hormone 
Therapy 

Problems of Hematology and Blood Trans- 
fusion 

Problems of Tuberculosis 

Soviet Medicine 

Soviet Physicians Journals 

Stomatology 

Therapeutic Archives 

Transactions of the Helminthology Laboratory 

Transactions of the Institute of Genetics 
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(continued) 
Abbreviation 


Trudy Inst, Gidrotiol, 
Trudy Inst, Mikrobiol, 
Trudy Inst, Okean, 


Trudy Leningrad Obshchestva Estestvoisa. 


Trudy Vsesoiuz, Gidrobiol, Obshchestva 


Trudy Vsesoiuz, Inst, Eksptl, Med, 


Ukrain, Biokhim, Zhur, 
Urologiia 

Uspekhi Biokhimiia 

Uspekhi Sovremennoi Biol, 
Vestnik Akad, Med, Nauk SSSR 


Vestnik Khirurg. im, Grekova 
Vestnik Leningrad, Univ, Ser, Biol, 


Vestnik Moskov. Univ., Ser. Biol, i 
Pochvov, 

"Vestnik Oftalmol, 

Vestnik Oto-rino-laringol, 

Vestnik Rentgenol, i Radiol, 

Vestnik Venerol, i Dermatol, 

Veterinariia 

Vinodelie i Vinogradarstvo 

Voprosy Klin, 

Voprusy Med, Khim, 

Voprosy Med. Virusol, 

Voprosy Neirokhirurg. 

Voprosy Onkol, 

Voprosy Pitaniia 

Voprosy Psikhologii 

Voprosy Virusologii 

Vrache bnoe Delo 

Zav. Lab, 

Zhur. Mikrobiol., Epidemiol. i 
Immunobiol, 

Zhur. Nevropatol, i Psikhiat. 


Zhur, Obshchei Biol, 
Zhur, Vysshei Nerv, Deiatel, 


Zool, Zhur, 


Journal 


Trudy Instituta GidroWologtia 

Trudy Instituta Mikrobiologiia 

Trudy lnstituta Okeanologiia, Akademii Nauk 
SSSR 


Trudy Leningrad Otehchestva Estestvoispytatelei 


Trudy Vsesoluznogo Gidrotdologicheskogo 
Obshchestva 

Trudy Vsesoiuznego Instituta Eksperimentalnoi 
Meditsiny 

Ukrainskii Bickhimichnii Zhurnal 

Urologiia 

Uspekhi Biokhimita 

Uspekhi Sovremennoi Biologiia 

Vestnik Akademii Meditsinskikh Nauk SSSR 


Vestnik Khirurgil imeni Grekova 
Vestnik Leningradskogo Universiteta, Seriia 
Biologii 
Vestnik Mcskovskogo Universiteta, Serila 
Biologii i Pochvovedeniia 
Vestnik Oftaimologii 
Vestnik Oto-rino-lazingologila 
Vestnik Rentgenologii Radiologil 
Vestnik Venerologii i Dermatologii 
Veterinarlia 
Vinode lie i Vinogradarstvo SSSR 
Voprosy Klinicheskie 
Voprosy Meditsinskoi Khimii 
Voprosy Meditsinskol Virusologil 
Voprosy Neirokhirugii 
Voprosy Onkologil 
Voprosy Pitanila 
Voprosy Psikhologii 
Voprosy Virusologil 
Vrachebnoe Delo 
Zavodskaia Laboratorila 
Zhurnal MikroNologii, Epidemiologil 
Immunobiologil 
Zhurnal Nevropatologii i Psikhiatrii imeni 
S. S. Korsakov 
Zhurnal Otshchei Biologiia 
Zhurnal Vysshei Nervnoi Deiatelnosti imeni 
I, P. Pavlova 
Zoologicheskii Zhurnal 


Translation 


Transactions of the Institute of Hydrohiology 

Transactions of the Institute of Microtnology 

Transactions of the Institute of Oceanology, 
Academy of Sciences, USSR 

Transactions of the Leningrad Society of 
Naturalis 

Transactions of the All-Union Hydrohiological 
Society 

Transactions of tie All-Union Instinste of 
Experimental Medicine 

Ukrainian Biochemical Journal 

Urology 

Progress in Bochemistry 

Progress in Contemporary Biology 

Bulletin of the Academy of Medical Science 
USSR 

Grekov Bulletin of Surgery 

Journal of the Leningrad Univ., Biology Series 


Bulletin of the Mcscow University, EEology and 
Soil Science Series 

Bulletin of Ophthalmology 

Bulletin of Otorhinolaryngology 
Bulletin of Roenigenclogy and Radictogy 
Bulletin cf Venereology andDermatclogy 
Veterinary Science 

Wine-Making and Viticulture 

Clinical -oblems 

Problem. of Medical Chemisty 

Problems of Medical Virology 

Problems of Neurosurgery 

Problems of Oncology 

Problems of Netition 

Problems of Psychology 

Problems of Virology 

Medical Profession 

Factory Laboratory 

Journal of Microbiology, Epidemiology, and 

Immunobiology 
S. S. Korsakov Journal of Neuropathology and 
Psychiauy 
Journal of General Biology 
1, P, Pavlov Journal of Higher Nervous 
Activity 
Journal of Zoology 
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RUSSIAN PHARMACEUTICAL RESEARCH 
IN COMPLETE ENGLISH TRANSLATION 


SOVIET PHARMACEUTICAL RESEARCH 
Chemistry Collection No. 4 


Covers all aspects of Sovict pharmaceutical research; papers selected by one of 
the top pharmaccutical research chemists, of one of the major drug companies, 


from all Russian chemistry journals translated by Consultants Bureau, 1949- 
1955. Sections may be purchased as follows: 


I. PHARMACEUTICAL CHEMISTRY. Sections: Solubility; Stability: Ion Ex- 
change; Emulsions, Suspensions, Gels; Miscellaneous. 74 papers, 447 pages, $95.00 


{I. PHARMACOGNOSY. Sections: Alkaloids; Oils; Glycosides; Miscellaneous. 
87 papers, 399 pages, $90.00 

III. MEDICINAL CHEMISTRY. Scctions: Structure-Activity Relationships; 
General. 91 papers, 556 pages, $100.00 


THE COMPLETE COLLECTION, 252 papers, 1,402 pages, only $200.00 ‘ 
*Single articles available — Table of Contents sent on request i 


All Cenasyltants Bureau's translations by bilingual sciertists, equally familiar with Russian and the 
technical terminology. All diagrammatic and tabular material integral with the text is included; tet 
is clearly teproduced by multilith process from IBM cold type; are staple bound im durable 
paper covers. Complete catalogs a Consultants Burcaw tramilations av 


CONSULTANTS BUREAU, INC. 
227 W. 17th St... NEW YORK 11, N.Y. 
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What are the Russians doing 
my particular field? ... 


Is this information auailatle 
in branslation? 


These pertinent questions which consistently confront 
technical librarians today, have pointed up the scrious 
lack of a standard source of reference for translations of 
Soviet scientific information, and have led to the inaugu- 
ration of a unique monthly service. . . . 


‘a 


HIS HANDY MONTHLY GUIDE, available on an annual subscription basis, is specifically 
designed to furnish Western scientists with English translations of the contents of 


Soviet 
Science and 
Technology 


current Soviet journals being translated, cover to cover, on a continuing basis by Con- 


sultants Bureau, other firms and learned societies. 


——— SPECIAL APRANCEMENT with the editors of these Soviet publica- 
tions, expedited copies of the contents are made available, in translation, 


within two months after their release in Russia. Thus, each subscriber is 
constantly aware of the latest information available for translation in his 


specific field of scientific encleavor. 


The format of SST is one which permits the reader 
instant access to all pertinent information: 


n) Estimated date of publication in English (when 
information is available from publisher) 


b) Name and address of organization from which 
translation is available 

c) Y-arly subscription prices 

d) Price of individual papers, or issues (when so!d 
separately) 

e) A special section devoted exclusively to edito- 

- rial material on the most up-to-date translating 

techniques 


The worldwide acceptance of SST in its few short 
months ot existence (first issue published in May, 
1958), has proved the urgent need for just such a 
service. And with the constant addition of new 
Russian journals-in-translation, each subscriber is 
assured of continuous, comprehensive and accurate 
information on the availability of the latest ad- 
vances in Soviet SCIENCE AND TECHNOLOGY. 


C \CONSULTANTS BUREAU, INC. 
b 227 W..17th St., NEW YORK 11, N.Y. 


ANNUAL SUBSCRIPTION 
(includes 12 isswes per yeor, which cover 
oll calendar yeor issues of the origizal 
Ression joerncls) 


$25.00 per copy 

10-100 copies... ....... 18.00 per copy 
100-SCO copies.......... 15.00 per copy 
500 copies and over...... 11.50 per copy 


(590 copies includes, free of charge, yoor 
own special organizational cover) 


AVAILABLE FOR 
A LIMITED TIME 


One volume containing the contents for all 
1957 issues of these journals, with the same 
information as in the 1958 SST... $15.00 


Write Censultants Bureau fer free bre- 
chure om SST, and comprebensive catalogs 
ef eur current Russias translation-publish- 
ing program. 
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